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DEPARTMENT OF THE ARMY 
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS 

P. 0. BOX 831 

VICKSBURG MISSISSIPPI 39180 

TO: All Report. Recipients 

1. The report transmitted herewith represents the results of Work 
Unit 5DO4, in which dredged material disposal techniques were reviewed 
to identify wildlife habitat enhancement possibilities. This work unit 
WC.3 conducted as part of Task 4B (Terrestrial Habitat Development) of 
the Corps ol" Engineer:;' Dredged Material Research Program (DMRP). 
Task 4B is part of the Habitat Development Project (HDP) of the DMRP 
and in concerned with the development, testing, and evaluation of the 
environmental, economic, and engineering feasibility of using dredged 
material as a substrate for terrestrial habitat development. 

2. The purpose of this work unit was to examine inland confined 
dredged material disposal sites in the United States and identify their 
general vegetation, soil, and wildlife characteristics, and to dcter- 
mine if the disposal techniques used at those sites were compatible with 
wildlif'e habitat. Five regions of the country, the Great Lakes, North 
Atlantic, South Atlantic, Sulf Coast, and Pacil'ic Coast, were exsmined 
and the results are presented on a regional basis. Possible habitat 
enhancement procetllrreo were discussed in detail for one site from each 
region. 

3. Work Unit 5BO4 i5 one of several research efforts designed by the 
DMRP to determine a wide range of posoibilities for terrestrial habitat 
development using dredged material. Closely related work units are 
5no3, 4no1, 4Al3, 4no4, 4BO5, and all of Task 4F. Work Unit 5BO3 de- 
ucribee plant and animal succession patterns on five upland disposal 
nitcs in the Unjtcd Rtntcs. Work Unit 4BOl categorizes habitat on a 
vnriety of dicponal nitcn. Vegetative succession on and management of 
dredged material iolundn for nvinn habitat is the subject of Tank 4F and 
itn nnnociatcd scvcn work units. Substantial additional information 
will be l'orthcornlng with the final analysis of the resultn from upland 
habitat development. at Nott Island, Connecticut (4BO4), Bolivar Periln- 
s Ill Ii , Texan (4Al3) , and Miller Sands, Oregon (4BO5). Together thcne 
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research products will provide the Corps of Engineers with thrs bnr:i:; for 
sound mnnai:cmcnt dccisioris regarding terrestrial hnbitnt development on 
dredged mn.tcriul. 

Colonel, Corps of F.nrJ,ineers 
Commander and Director 



Miscellaneous Paper D-77-i 1 
4. TITLE (md Subrlrl.) 

REVIEW OF DREDGED MATERIAL DISPOSAL 
TECHNIQUES TO IDENTIFY WILDLIFE HABITAT 
DEVELOPMENT FACTORS 

7. AUTHOR(~) 

9. PERFORMING ORGANIZATION NAME AND ADORESS 

Dames & Moore 
500 Sansome Street 
San Francisco, Calif. 94111 

Il. CONTROLLING OFFICE NAME AND AOORFSZ 

Office, Chief of Engineers, Il. S. Army 
Washington, D. C. 20314 
14. hfONlTORlN0 AOLNCY NAME II AOORESS(ff dzil /mm Cmfrollfnd OflloeJ 

U. S. Army Engineer Waterways Experiment 
Station 

Environmental Effects Laboratory 
P. 0. Box 631, Vicksburs, Miss.- 39180 

16. OISTRIBUTION STATEMENT (01 UIIa Rqmrt) 

-- ~- 
5. TYPE OF REPORT d PERIOD COVERED 

Final report 
6. PERFORMIHG ORG.. REPORT NUMBER 

0. CONTRACT OR GRANT NUMf3Er-f(~) 

Contract No. 
DACW39-74-C-0033 

(0. PROGRAM ELEMENT. PROJECT, TASK - 
AREA ,i WORK UNIT NUMBERS 

DMRP Work Unit No. 5B04 

12. REPORT DATE 

December 1977 
13. NUMBER OF PAGES 

306 
IS. SECURITY CLASS. (a/ thla r.po,r) 

Unclassified 
188. OECLASSlCICATION/OOWNGRAOING 

SCHLDULL 

Approved for public release: distribution unlimited. 

This report has been reproduced on microfiche. 

ii: KEY WORO8 (Conlln,,~ on ,.” .,.. alda II n.c...ary md ld.nf/ty by block number) 

Disposal areas Waste disposal sites 
Dredged material disposal Wildlife habitats 
Succession 

IQ AnnACT (-Caexfbmm m  nlw” OH tt t-mm”- mad tder#lti bl blook numbnJ 

Habitats of 15 inland confined dredged material disposal site! 
throughout the United States were studied along with present dis- 
posal techniques for dredged material. The purpose was to deter- 
mine wildlife enhancement alternatives. The objc:ctive in identify, 
ing alternate dredged material disposal techniques was to ennance 
the present wildlife habitat of the disposal site, and yet be 
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?onconfiicting with the present wildlife setting. On the other 
land, these alternates were not to unduly conflict with the present 
maintenance dredging technj.ques and equipment capabilities. 

Following review of the field data, one generalization can be 
nade: the smaller the confined disposal area, the more rapidly 
ecological succession of the disposal site will occur. Succession 
depends on the size of the site and frequency and location of the 
deposition of the dredged material on the site. For example, the 
large disposal areas are repeatedly used and vegetation succession 
is arrested in an early state. Larger disposal sites also make 
colonizers more remote to the majority of the .-ite. If larger 
areas are partitioned by diking, deposition in one of the smaller 
?lots will not influence succession in adjacent confinements. 

Specific enhancement alternatives were developed for 5 of the 
15 disposal sites. Environmental and economic costs and benefits 
of proposed alternate disposal techniques were categorized into 
ahort-term and long-term costs. Benefits were compared to the 
present costs. 
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PREFACE 

This report presents the results of a comprehensive 

review and examination of disposal area filling techniques 

and rates to identify nonconflicting wildlife enhancement 

alternatives. This investigation was conducted as part of 

the Corps of Engineers Dredged Material Research Program 

(DMRP), which is sponsored by the Office, Chief of Engineers 

(DAEN-CW0-M). The DMRP is assigned to the U. S. Army Engineer 

Waterways Experiment Station, Vicksburg, Mississippi, under 

the Environmental Effects Laboratory (EEL). 

This is the final report of work performed under 

Contract No. DACW39-74-C-0033 (DMRP Work Unit No. 5B04) and 

covers Task I-- Survey of Present Dredged Material Disposal 

Techniques and Wildlife Habitats; Task II--Identification of 

Alternatives to the Present Disposal Techniques: and Task III-- 

Rationale for Selection of Five Potential Test Sites. 

The work described in the report was performed 

during the time period of October 1973 to May 1974 by Dames & 

Moore, San Francisco, Califor.?ia. Messrs. Leon Winters and 

Carl Garbe were the project administrators. The project man- 

ager was Mr. Michael Hess, and the technical coordinators 

were Drs. Frederick Shanholtzer and David Valentine. 

Directors of WES during the study and preparation of 

the report were COL G. H. Hilt, CE, and COL J. L. Cannon, CE. 

Technical Director was Mr. F. R. Brown. Dr. John Harrison was Chief, 
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ELL, and Dr. R. T. Saucier was Special Assistant, EEL. The 

study was conducted under the general supervision of Dr. C. 

J. Kirby, Project Manager for Habitat Development Research. 

Ms. Jean Hunt was Contract Manaqer. 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) 
UNITS OF MEASUREMENT 

u. s. customary units of measurement used in this report can 

be converted to metric (SI) units as follows: 

Multiply - 

inches 

feet 

By To Obtain 

25.4 millimeters 

0.3048 meters 

miles (U. S. statute) 1.609344 kilometers 

acres 4046.856 square meters 

square miles 2.589988 square kilometers 

cubic yards 0.7645549 cubic meters 

pounds (mass) 0.4535924 kilograms 

Fahrenheit degrees 5/g Celsius degrees 
or Kelvins* 

* To obtain Celsius (C) temperature readings from Fahren- 
heit (F) readings, use the following formula: C = (5/9) 

- 32). To obtain Kelvin readings, use: K = (5/9) 
- 32) + 273.15. 
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Summary 

Habitats of inland confined dredged material dis- 

posal sites were studied along with present dj>:posal tech- 

niques for dreciged material to determine wildl.LEe enhancement 

alternatives. The objective in identifying alt!?rnate dredged 

material disposal techniques was to enhance the present 

wildlife habitat of the disposal site, ar,d yet be nonconflic- 

ting with the present wildlife setting. On the otiler hand, 

these alternates were not to conflict unduly with the present 

maintenance dredging techniques and equipment capabilities. 

The contiguous United States were grouped ir;to five 

regions: 

a. Great Lakes 

b. North Atlantic 

C. South Atlantic 

d. Gulf Coast 

e. Pclcific Coast. 

Initially, 27 sites distributed among 11 Corps District 

offices throuqhout these regions were reviewed. Fifteen of 

these sites, three from each of the five regions, were 

selectea for detailed field studies. The field studies, 

conducted by five experienced biologist and soils engineer 

teams during November and December 1973, established the 

type of habitat by vegetation transect methods. The dredged 

material characteristics (physical) were identified by soils 
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engineers from field observations of disturbed samples. 

Laboratory inspection and testing of dredged material samples 

and the inspection of voucher specimens of vegetation supple- 

mented the field identifications. 

Following review of the field data, one generaliza- 

tion can be made: the smaller the confined disposal area, the 

more rapidly ecological development of the disposal site will 

occur. The ecological development depends on the size of the 

site, substrate, and frequency and location of the deposition 

of dredged material on the site. For example, large disposal 

areas are repeatedly used and vegetation succession is ar- 

rested in an early stage. Larger disposal sites also make 

colonizers more remote to the majority of the site. If the 

larger areas are partitioned by diking, deposition in one of 

the smaller plots will not influence succession in adjacent 

confinements. An exception would be seepage of water through 

the dikes. The lower portions of dikes would be saturated, 

which in turn does affect succession. 

Seasonal variations within the five study regions 

influence habitat, which in turn influences the prediction 

of the expected type of revegetation and rates of maturation. 

Permeability, nutrients, and other physical and chemical 

parameters of the dredged material were considered along with 

possible variations in the depth of filling. 

Presented in this report (Part III) are alterna- 

tive disposal techniques to enhance wildlife habitats. These 

alternatives are first tailored, in a general sense, to the 
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rive I.egions of study. Extrapolation of these methods is 

made from one geographic area to another. The aim is to 

present to the Corps District offices a group of enhancement 

al:-rnatives for multiple wildlife use of disposal sites. 

General constraints to enhancement alternatives are noted. 

Thl- expected biological sticcessional patterns, based on the 

reconnaissance of 15 sites, are presented for each of the 5 

regions. 

Five of the 15 sites, one from each of the 5 

regions, were selected as potential test sites to demonstrate 

the recommended alternatives of this report. For each of the 

five sites, specific application techniques for enhancement 

are discussed (Part IV). Schemes for partitioning the sites 

into smaller plots, rotation of dispos discharge locations, 

elimination of less desired vegetation, and drainage control 

of surface water are discussed. Habitats resulting from these 

schemes are postulated in this report. Mar.agement techniques, 

habitat requirements, and food preferences of target species 

are presented. 

Environmental and economic costs and benefits of 

proposed alternate disposal techniques were categorized into 

short-term and long-term costs. Benefits were compared to 

the present costs. 

The rationale for selection of the above 5 potential 

test sites includes a ranking of 13 factors for each site. A 

ranking of "poor", "neutral", or "optimum" is made for each 
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factor. The results are presented in an evaluatl.on matrix 

(Table 3). Persons and agencies contacted during this study 

are listed in Appendix A. A standardized field checklist 

used for these studies is presented in Appendix B of this 

report. Appendix C contains details of management techniques, 

habitat requirements, and food preferences for several wild- 

life species. A list of the common names for plants and 

animals mentioned in the report is presented in Appendix D 

along with the corresponding scientific name. 

-4- 
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PAli’l’ I: IN’~‘HCI~IJC’~‘ION 

Backqround 

1. The U. S. Army Engineer Waterways Experiment Sta- 

tion (WES) is planninq and conducting a research program for 

the yr Eice, Chief of Engineers (OCE) on the disposal of 

dredqed material. The Dredged Material Research Program 

(DMRP) has as its objective to provide more definitive infor- 

mation on the environmental aspects of dredging and dredged 

material disposal operations and to develop technically 

satisfactory, environmentally compatible, and economically 

feasible dredging and disposal alternatives, includinq 

consideration of dredged material as a manageable resource. 

2. For confined land disposal of dredged material, it 

is believed that through well conceived, planned, and 

executed multiple use schemes much adversity, both environ- 

mental and public, can be mitigated. Confined disposal areas 

can and already have, through largely unplanned efforts, 

provided suitable wildlife habitats. Often the disposal areas 

represent islands of undeveloped terrestrial habitat within 

the midst of urbanized areas. 

3. Initial efforts under the research task are de- 

signed to investigate the compatibility of disposal area 

filling techniques and rates with immediate and long-range 

use requirements of wildlife. The ultimate goal is the 

planned use of disposal sites for a wide spectrum of wildlife 
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“nhancomc?nt, with maintenance ot t)a:-lc com;)atll)~l1t.y wlt11 

dredged material disposal requirements. 

4. Agencies and/or persons other than Corps of Engi- 

neers District offices with jurisdiction over the sites which 

were studied are presented in Appendix A. Several suggestions 

as to specific habitats and resultant wildlife considered 

desirable for the region in question were discussed along 

with ongoing research and their opinions as to the viability 

of proposed enhancement schemes for dredged material disposal 

sites. The regional Environmental Protection Agency (EPA) 

offices were contacted to discuss the possibility of pending 

effluent disposal criteria applicable to dredged material. 

Purposes 

5. The purposes of the studies conducted under Contract 

DACW39-74-C-0033 were: 

a. Review the present disposal practices of dredged 

material on confined (diked) land areas. 

b. Identify alternate disposal techniques which may 

enhance the present wildlife habitats on disposal 

sites and yet be nonconflicting with the existing 

wildlife setting. 

C. Select experimental sites to demonstrate alternate 

disposal techniques. 

d. Establish that the proposed alternate disposal 

methods do not unduly conflict with the present 

maintenance dredging techniques and capabilities. 

-13- 



Scope 

6. The scope of work conducted under this research 

project included: 

a. Selection of CE Districts and potential sites to 

be studied within five regions of the United 

States: Great Lakes, North Atlantic Coast, South 

Atlantic Coast, Gulf Coast, and Pacific Coast. 

b. Survey of the present disposal techniques used 

at 15 selected sites (3 sites within each of 

the 5 regions). 

C. Identification of the type of wildlife habitat 

and dredged material characteristics of the 15 

disposal sites by on-site field methods. 

d. Conduction of minimal laboratory tests to aid 

in the identification of physical and chemical 

characteristics of dredged material. 

e. Identification of alternate disposal techniques 

considered viable in improving wildlife habitats 

and use. 

f. Selection of one site from each of the five 

regions for potential application of identified 

alternate disposal techniques. 

-14- 



PART II: SURVEY OF PRESENT DREDGED MA'l'ERIAL DISPOSAL 
RtlD WILDLIFE HABITATS 

Selection of Study Areas 

7. Studies were initiated during the Dames & Moore 

project control group meeting 22 October 1973. Five regions 

within the contiguous states were specified for study in the 

contract: Great Lakes, North Atlantic, South Atlantic, Gulf 

Coast, and Pacific Coast. Geographic boundaries for these 

regions were arbitrarily defined by the control group. 

Representative CE District offices were selected from each of 

these regions in which potential sites would first be con- 

sidered. This selection was based on information from Boyd 

et al. (1972) related to: 

a. The yearly quantity of dredged material incidental 

to maintenance dredging. 

b. The variable characteristics of dredged material 

from each Corps District. 

c. Use of confined disposal sites. 

In the selection process, a diverse-as-possible geographic 

location of sites was kept in mind. 

8. Eleven CE District offices were selected for site 

visits and discussions with persons familiar with the 

disposal operations: 

Philadelphia Norfolk 

Savannah Charleston 

(continued nx ..t page) 
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Selected Sites (continued) 

Mobile New Orleans Memphis 

San Francisco Portland Detroit 

Galveston 

Initial Site Visits 

9. Visits were made during the week of 2 through 9 

November 1973 by biologists and soils engineers. Their purpose 

was to select two to three disposal sites per District after 

discussions with CE personnel and to make a brief inspection 

of the sites. 

10. Twenty-seven potential sites were selected during 

these initial visits. Ultimately 15 of these sites, 3 from 

each of the 5 study regions, were selected. Final selections 

were based on the location of site, expected ease of access, 

source and potential pollution of dredged material, frequency 

of deposition, available historical data of operations, 

diversity of wildlife habitat, and isolation from human 

activities. The size of the site, such that experimental 

plots would be available, and the dredged material research 

activities of the various CE Districts were also considered. 

Site Investiaations 

Locations 

11. Figure 1 presents the arbitrary outline of the five 

study regions along with general locations of the 15 sites 

shown with respect to state boundaries. Vicinity maps, 

-16- 
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presented in Figures 2 through 12, show the sites with respect 

to surrounding topographic, hydrologic, and man-made features. 

Figure 1, not prepared from U. S. Geological Survey (USGS) 

topographic sheets, only illustrates the locations of sites 

at Stations 23.6, 41, and 42 along the Mississippi River Gulf 

Outlet. Listed are the site names and locations: 

a. Great Lakes Region. 

Detroit District: "Riverside" located along the 

north bank of the Maumee River in Toledo, Ohio, 

and "Grassy Island" located in the west portion of 

the Detroit River near Wyandotte Ranch, Wyandotte, 

Michigan. 

Memphis District: "Tennessee Chute" located on 

the east side of the Mississippi River near 

Memphis Harbor in Memphis, Tennessee 

b. North Atlantic Region. 

Norfolk District: "Dismal Swamp" located just 

south of Portsmouth, Virginia. 

Philadelphia District: "Pedricktown-Penns Grove," 

New Jersey, located about four miles east of 

Wilmington, Delaware, and "Penns Neck," about 

four miles southwest of the aforementioned site. 

c. South Atlantic Region. 

Charleston District: "Drum Island" in Charles- 

ton Harbor, South Carolina, near the Wando River 

-29- 



Outlet. The Cooper River Bridge crosses the 

Drum Island site. 

Savannah District: "NO. 2 Savannah" on the Back 

River, across from Savannah, Georgia, and "Oyster 

Bed Island" near the outlet of the Savannah River 

across from Fort Pulaski Monument, about six 

miles southwest of Hilton Head, South Carolina. 

d. Gulf Coast Region. 

New Orleans District: "Mississippi River Gulf 

Outlet" (MRGO) sites corresponding to Stations 

23.6, 41, and 42. The stations correspond to 

river miles upstream from the Gulf of Mexico. 

e. Pacific Coast Region. 

Portland District: "Upper, Middle, and Lower 

Islands" in Coos Bay near Coos Bay and North 

Bend, Oregon. 

Field Study'Methods 

12. The objective of the inspection of the 15 sites was 

to obtain basic operational parameters and limitations of 

dredging techniques, both from first hand observation and 

from interviews with CE personnel familiar with the District 

dredging. If a particular rationale for present disposal 

methods was used, this too was to be noted. Field studies 

were conducted between the weeks of 9 November and 31 

December 1973. For each site, vegetation remaining from the 
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fall foliage and/or winter specimens were documented as well 

as any observed wildlife. Dredged mater ial' within the 

confined sites was also classified according to grain size. 

13. A standardized checklist was prepared for the 

field studies (see Appendix B) to establish, as much as 

possible, a uniformity of information to be gathered. This 

was to provide a more rational and equitable basis for 

selection of experimental test areas. The duration of site 

visits by the regional study teams was between 1.5 and 2.5 

days. Longer time was spent if inclement weather or restricted 

access prohibited field work. CE personnel contacted during 

the initial site visits were again interviewed about dredging 

operational parameters and limitations. Operational para- 

meters included types of dredging equipment and variations of 

equipment. Limitations included equipment types and size, 

present use of the site, rates of filling, site size and 

availability of land on site or nearby, type and system of 

diking, frequency and duration of disposal, and the depth of 

placement. Questions were also asked about restrictions of 

an economic, equipment, and/or legal nature. 

14. Each site was surveyed to determine the plant 

species and community types present. Two perpendicular 

transects were established on the disposal areas. The primary 

transect line, generally trending north to south, originated, 

if possible, at the pipe discharge point and proceeded in a 

direction which covered the most pronounced stands of 
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vegetation or along a defined surface gradient. The direc- 

tion of the primary transect was at most times the same as 

the direction of dredged material leaving the pipe. A 

secondary transect, perpendicular to the primary transect, 

but not necessarily bisecting, was run for added information. 

15. The transect stations were marked by wooden stakes. 

Each station marker was labeled with the transect name and 

the distance from the origin. A compass heading was made to 

assist in determining the location of the transect line for 

photographic referenced. 

16. These transects, which were used to evaluate the 

floral distribution patterns, varied in length with station 

intervals from 5 to 50 m. The frequency of sampling increased 

near the transition areas of various habitats. Samples were 

taken in the central portions of apparently homogeneous 

regions to confirm their homogeneity. 

17. Herbaceous strata data were obtained from each 

station. The herb layer was determined in a 0.5 by 2 m 

rectangle centered along and perpendicular to the transect 

line. Within each rectangle the plant species were identi- 

fied and an evaluation of their approximate percent coverage, 

according to the Braun-Blanquet Scale of Cover (Phillips 

1959), was determined for each species. The herbaceous 

layer was defined as vegetation less than 1.3 m tall or 

plants which had a dbh less tha?l 2.5 cm. This included 

woody vegetation as well as hzrbaceous species. This method 

-32- 



. 
uses the total percent coverage as well as the abundance of 

individual plants within each species. Since the 0.5 by 2 m 

rectangle may have several layers of vegetation, it was pos- 

sible to have a total percent cover in excess of 100 percent. 

Some interpretation was necessary in areas where the vegeta- 

tion was dead or decumbent during the winter season. The 

tree strata were determined at each station from a 2 by 10 m 

quadrant also aligned perpendicular to the transect. All 

tree canopies in the quadrant were included disregarding the 

origin of trunk or stems. 

18. Specimens unidentified in the field were collected 

for future identification. Voucher specimens were sent to 

the EEL. Photographs were taken in major habitat areas. 

Concurrently, fauna1 sightings and signs were noted and 

recorded. Transects were not taken at Grassy Island and 

Penns Neck because the dredged material was covered with 

water and/or very soft. At these sites, peripheral and 

representative samples were taken in lieu of transect data. 

Secondary transects were not taken at diverside, Tennessee 

Chute, Pedricktown-Penns Grove, and Drum Island. 

19. Dredged material, corresponding to vegetational 

transitions, was classified from field inspection by a soils 

engineer according to the nomenclature of the Unified Soil 

Classification System (Terzaghi and Peck 1967). Besides 

color and grain-size descriptions,.permeability, relative 

compressibility, density, and organic content were estimated. 
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Hand augers were used to obtain representative disturbed 

samples (about 150 q) of the dredged material from the surface 

to an average depth of 0.5 m. 

20. The samples were placed in airtight plastic bags 

and shipped to the Dames & Moore San Francisco office where 

they were stored in a moisture-controlled vault until tested. 

No samples of dredged material were taken other than on site. 

For example, channel or river sediment proximal to the-site 

and the likely source of future site deposition was not a 

part of the sampling and testing program. 

Laboratory Test Methods 

21. Fourteen representative disturbed samples of dredf;ed 

material were selected for laboratory tests. The purposes of 

these tests were to supplement field classifications and to 

determine certain chemical properties. Number of samples 

tested and sites were as follows: . 

Pedricktown-Penns Grove (1) 

Penns Neck (3) 

No. 2 Savannah (3) 

Tennessee Chute (2) 

Drum Island (1) 

Oyster Bed Island (1) 

Upper Island, Coos Bay (3). 

Samples from other sites were not tested, either because of 

available historic data (Riverside a,nd MRGO), or sampl s were 
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22. Gradation tests of the dredged material were per- 

formed to more specifically define the particle distribution 

and classification. The tests were also examined for estimates 

of the relative coefficient of perm ability. Gradation tests 

on cohesionless materials, gravels to sands (about 100 mm to 

0.06 mm in average diameter) plus shell fragments, were 

conducted by mechanical sieve-analysis methods, according to 

the American Society of Testing and Materials (ASTM) test 

designation D422-63. In conducting the tests, a standard 

series of sieves were nested together and the retained weights 

of material, as percentage of a known initial total dry 

weight, were measured. 

23. For cohesive, very fine-grained materials classified 

as silts to clays (0.60 mm to less than 0.002 mm), hydrometer 

test methods were used. These were also done according to 

ASTM D422-63. This test applied Stokes' Law to distinguish 

the relative particle size rates of falling through distilled 

water. 

24. The natural moisture content of the 14 samples was 

determined according to ASTM D2216-66. Test results are 

expressed as a ratio of the weight of water to the dry weight 

of sample. 

25. Six different chemical tests were conducted for 

each of the 14 bag samples. These were performed by Pacific 
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Environmental Laboratory, San Francisco, California. 'rests 

were for soluble nitrate nitrogen (NO: ), pH, volatile 

fraction, ash content, chloride (Cl-), and soluble carbonate. 

All ChemicaLtests were conducted according to "Standard 

Methods for the Examination of Water and Waste Water" 

(A.P.H.A. 1965), and "Agricultural Handbook No. 60" (U.S. 

Gov. 1954). The chemical and physical tests of sediments were 

to establish correlations with specific plant assemblages, if 

Fossible. This knowledge can be used to modify sediments so 

that selected plant species could be supported. The soluble 

nitrogen test was performed to give an indication of the 

amount of nitrog n available to plants. This macronutrient, 

usually required in concentrations greater than 1 mg/l (Curtis 

and Clark 1950), is a basic component of chlorophyll, pro- 

teins, and other essential biochemical compounds. More soils 

have nitrogen deficiencies than other nutrient deficiency 

(Allison 1957). Such deficiencies are manifested in retarded 

growth and chlorosis of leaves. Conversely, an excess of 

nitrogen can lead to the development of a poor root system 

and the retardation of flowering and seed formation (Salisbury 

and Ross 1968). 

26. Most plant species grow best in a range of pH 5 to 

7, although plant growth is known in the range of pH 4 to 5. 

Imbalances in the acidity or alkalinity of soils can interfere 

with proper absorption of nutrients from soil by plant roots. 

For example, pH can affect salt absorption,when hydroxyl or 
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(NOT, Cl-, POT ) and prevent these from being absorbed into 

the plant (Salisbury and Ross 1968). The pH is especially 

important to consider as marsh soils (Edelman and Van 

Staveren 1958) and some lake sediments (Ruttner 1952) are in 

an anaerobic reduced condition and rapidly oxidize when 

exposed to air. The acidic condition of the material after 

oxidation, particularly the oxidation of hydrogen sulfide, 

can be corrected by addition of appropriate quantities of 

lime should such reduced sediments be encountered in dredged 

materials. 

27. The volatile fraction tests were performed to 

determine the percent of organic materials, including humus, 

which are essential in good soil. The organic compounds are 

decomposed into inorganic forms with a subsequent release of 

nitrogen and phosphorus, all of which are essential for 

plant growth. The organic materials themselves are media 

for base exchange and are important for maintaining a loose, 

friable soil texture (Broadbent 1957). 

28. Ash content gives an indication of the amount of 

minerals present in the soil. Minerals required in large 

amounts (greater than 1 mg/l) aLe potassium, calcium, and 

magnesium. Micronutrients (less than 1 mg/l) required are 

iron, manganese, zinc, copper, molybdenum, boron, and 

chlorine (Curtis and Clark 1950). 
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29. Chlorine, usually present in the anionic form 

(cl-), is important (as an enzyme activator) for the stimula- 

tion of photosynthesis. Symptoms of chlorine deficiency are 

wilti, leaves, chlorotic and necrotic leaves, and stunted 

roots (Salisbury and Ross 1968). Since chlorine is a compo- 

nent of some of the most common salts, a measure of chloride 

would be an indication of the salinity of soils. 

30. Carbonate tests were performed. An excess of 

carbonates in the soil can interfere with iron metabolism 

and lead to iron chlorosis (Holmes and Brown 1957). 

Results of Field Studies 

31. A summary of the field studies is shown in Table 1. 

The physical features of the disposal sites, dredge types and 

operations, frequency of depositions, types of dredged mate- 

rial, and ecological and biological potential as a test area 

are presented in the following paragraphs. Discussion of 

legal constraints and assessments is also presented. 

32. In all cases, some of the information requested on 

the field checklist (Appendix U) could not be supplied. Most 

missing information was related to engineering or equipment 

parameters. History of the stability and settlement of dikes: 

the number of locations of discharge to a site: an estimate 

of the density (pcf) of dredged material during transporta- 

tion and after deposition; and a comparison of past and 

present pollution characteristics of dredged material were 

not available from discussions with CE personnel. 
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33. Physical features. Seven of the 15 sites were 

islands wi_ the other 8 being inland sites. The sites 

averaged about 200 acres and varied in size from 7 to 625 

acres. 

34. Dredge types and operations. Two types of dredges 

were used at the 15 disposal sites - hopper dredges and 

hydraulic pipeline dredges. The hopper dredges varied in 

volume from 300 to 2,700 cu yd. These were used at the 

Riverside, Grassy Island, Pedricktown-Penns Grove, and Pcnns 

Neck sites. At the remaining sites, hydraulic dredges with 

pipeline discharge diameters varying from 12 in. to 30 in. 

were used. The average depth of dredged material placed 

during a 24-hr work shift varied with the site size, number 

of discharge locations, and the dredged type. For hopper 

dredges, the average was 1.5 ft; for hydraulic dredges, the 

average was 3 ft. Poor to no records were available for 

incremental placement depths; therefore, these figures are 

considered very subjective. In all cases, disposal to the 

site was by open-end pipe. Not all of a site area was 

evenly covered during any one deposition with the exception 

of perhaps the smaller sites. 

35. Frequency of deposition. The frequency of depo- 

sition varied from about six to nine months for the North 

Atlantic and the Gulf Coast sites to about 24 to 36 months 

at the Pacific Coast sites. The Pedricktown-Penns Grove 

site had no dredged material placed within the confines of 

-4o- 



strutted during the field visit. 

36. Dredged material. The dredged material types, as 

expected from maintenance dredging, were fine-grained, mostly 

silty clays and sands with combinations thereof. The sediment 

from the Coos Bay sites contained by far the largest amount of 

seashells and was predominantly fine to medium sand. Although 

efforts were made to assess potentially adverse chemical 

properties of the dredged material, both during the field 

sampling and during discussions with CE personnel, available 

information did not allow such assessments. 

37. Engineering and equipment parameters. The method of 

disposal from each dredge, either hopper or hydraulic, is by 

pumping from the dredge through pipeline to the site. A 

disposal variation for the hopper dredge has been from the 

open-water bottom dumping to the direct pump-out to confined 

disposal sites. No new variations in equipment or disposal 

techniques from those discussed in Boyd et al. (1972) were 

sighted during the field reconnaissance. 

38. The patterns and the rationale for disposal tech- 

niques are predicated on the availability of equipment and 

location of disposal site. The material, in the past, has 

been pumped and directly discharged to a site. Any alteration 

to this method hampers the efficiency of the dredge operation, 

which affects the economic!; of equipment life and job 

completion. 
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39. Biolorjical characteristics. The general habitat ~~ 

types of the sites vary from upland terrestrial to both 

freshwater and marine wetlands. Some upland terrestrial 

habitat was found at all sites except Tennessee Chute (low- 

land terrestrial, freshwater aquatic, and wetlands) and Penns 

Neck (lowland terrestrial). 

40. The successional state of vegetation, mammals, and 

birds of the sites are noted in Table 1. No mammals were 

observed at either of the M.R.G.O. sites or Coos Bay sites. 

The results of the vegetation transect studies are presented, 

along with plot plans showing locations of transects and 

sample areas, in Figures 13 through 47. 

. 41. Animals populating the Grassy Island site are ducks 

(mallards and others) and small mammals such as mice and 

muskrats, as indicated by trails. The Riverside and Tennes- 

see Chute sites had tracks and pellets of rabbits, along with 

sparrows, ring-necked pheasants, and mourning doves. Deer 

and turkey populate the Tennessee Chute site (Mr. A. B. 

Richardson, personal communication). 

42. Ducks were seen on open water at Penn's Neck but 

no fauna1 signs were noticed, there or at Pedricktown-Penns 

Grove. Fauna and fauna1 signs observed at Dismal Swamp in- 

cluded sparrows, dark-eyed juncos, skunks, raccoons, deer, 

and moles. Marsh hawks, rabbits, and raccoons were present 

at No. 2 Savannah. Fauna on the Oyster Bed Island site Wi.s 

diverse. Besides marsh rabbits and raccoons there were Savannah 
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sparrows, mourning doves, and an American kestrel in lowlying 

lreas, there was a large population of semipalmated and black- 

bellied plovers. 

43. The most noted aspect of the fauna1 distribution on 

Drum Island was a well-developed heron colony on the north- 
f 

west confinement. Outside the dike, marsh rabbits were 
i' 

plentiful, and there were also populations of fiddler crabs, 

great blue herons, Louisiana herons, and marsh hawks. In- 

side the dike area was an abundant population of ruby-crowned 

kinglets, cardinals, song sparrows, red-winged blackbirds, 

common and boat-tailed grackles, shore birds, and dark-eyed 

juncos; also present were clapper rails and a palm warbler. 

44. Constraints. C.E. personnel were questioned about 

legal or economic constraints in the disposal of dredged 

material but few were cited. Typically the constraints re- 

lated to restrictions imposed by the Vi S. Department of the 

Interior or the expiration of land easements. The EPA cri- 

teria for nonpolluted dredged material were not mentioned. 

Summary of Laboratory Tests 

45. The dredged material grain-size distribution test 

results are shown in Figures 48 through 53. The tested mate- 

rial varied in gradation from clayey silts to gravelly sands. 

These sediment types are considered typical for maintenance- 

type dredged material (Boyd et al. 1972, Cecnle 1969, Krizek 

et al. 1973, Garbe and Jeno 1968, Garb& 1974, Cooper 1972). 
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46. The estimated relative coefficients of permeability 

were from high to medium for the sandy to silty sand samples 

(10-l to 10 -3 cm/set) and medium to low for silty to silty 

clay samples (10 -3 to 10 -6 cm/set). These values of the 

coefficients of permeability are with respect to vertical flow 

of water. Higher values on the order of 10 to 30 times the 

vertical coefficients are expected for horizontal flow of 

water. This is due to the layering of coarse and fine 

material caused by the different discharge locations within 

a site, in addition to the various gradients. 

47. Table 2 presents the results of the chemical tests 

conducted on the samples of dredged material. Most samples 

were from depths of 0.5 to 2.0 ft. The range of percent of 

soluble Nitrate Nitrogen (NO;) was 0.3 to 23.0 x 10e4. A very 

low percent of soluble Carbonate (CO;), less than 10 x 10 -4 in 

9 out of 14 tests, was found. The highest percentage was 

135 x 1o-4, for the Upper Island of Coos Bay. The average pII 

of the 14 tests was 7.4 which is near neutral. The Chloride 

(Cl-) percentage had the largest variance of all tests, ranging 

from 5 x 10 -4 at Pedricktown-Penns Grove to 5500 x 10 -4 at 

Oyster Bed Island. The volatile fractions were from 0.3 

percent to 28.48 percent. The highest volatile fraction also 

had the highest field moisture content (143.9 percent), but 

ths lowest volatile fraction had a 2.8 percent moisture 

content. In general, the higher the volatile fraction, the 

higher the field moisture content. 
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48. The physical and chemical properties of dredged 

material dictate to a large extent the potential capability 

for developing habitat on a site. Slope, soil permeability, 

and grain size are among the more prominent modifying physical 

factors. Chioride ion concentration, pH, ash content, and 

soluble nitrate nitrogen have significant influence on plant 

succession and habitat development. 

49. Attempts to correlate the physical, chemical, and 

biological factors were frustrated by the gradual slopes on 

most disposal areas, wide variability in chemical parameters, 

temporal differences of past dredging operations both within 

and between sites, and the apparent wide tolerance ranges of 

the plants growing on disposal sites. , 

50. Three sites were vegetated by willows. The Riverside 

site was very uniform in surface sediment (clay), elevation, 

and vegetation. Willow dominated over most of the middle of 

the site. At Tennessee Chute, willow again dominated; how- 

ever, the surface sediment varied from poorly sorted sands to 

inorganic silt and elevation change was approximately 2 m. 

Chemical factors measured did not vary greatly between the 

two soil types, except that moisture and the volatile fraction 

were higher in the silt. The Dismal Swamp site has surface 

sediments which varied from sand to peat with little elevation 

variation. Again willow was dominant in the overstory. It 

appears that in the understory dogfennel, smartweed, and 
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,.j\‘1(1(~111 011 wcte XIOLC prevalent In sandy sedl~ents, wt\lle black- 

berry, grasses, and honeysuckle were more often associated 

with the peat. 

51. Of the two sites studied in the Philadelphia Dis- 

trict, one, a portion of Pedricktown-Penns Grove, had never 

received dredged material. The sediment was fine sand and the 

slope shallow. However, a composite was dominant at one end 

of the transect line while grasses and arrow wood dominated 

the other. The portion which had received dredged material 

was covered with common reed. Penns Neck was completely 

covered with common reed. 

52. All of the southeastern sites showed signs of zona- 

tion. The eastern portion of Drum Island was dominated by 

very hydrophylic vegetation. The more western portions were 

inhabited by less water-tolerant species. The dredged 

material characteristics similarly changed from clay with 

little sand to clayey sand and silty sand. No . 2 Savannah 

was largely comprised of a fine-to-medium, light-brown sand 

along the secondary transect with exceptions of some brown 

clayey sand. This latter condition was the only zone along 

this transect with significant vegetation assemblages. Along 

the primary transect, vegetation was found to be most dense 

where the topography was flat or surface sediments were clay 

or sandy silt layers. Similar conclusions can be reached when 

observing Oyster Bed Island data along the primary transect. 
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53. None of the MRGO sites showed any trends in vegeta- 

tion assemblages. The sediments varied from sand, clay, and 

silt at Station 23.6; sand and clay at Station 41; to clay at 

Station 42. Stations 23.6 and 42 were relatively flat while 

Station 41 varied in elevation by approximately 3 m. 

54. The three Coos Hay sites were all covered with sandy 

surface sediments; however, the chemical properties within 

one site showed wide variations (i.e. pH values from 5.9 to 

9.5). Elevation changes were approximately 6.5 m. The three 

sites were in different stages of succession and as such 

showed different plant assemblages. There were no distinct 

correlations between chemical and physical factors except 

that salt-tolerant species such as glasswort (Salicornia) 

and seashore salt grass (Distichlis spicata) were confined to 

areas near sea level. 

55. Chemical characteristics among all sites were quite 

variable and showed few correlations with either sediment 

type or plant assemblages. It appears that the widest range 

of the measured factors occurred in sandy soils. It was also 

these areas which exhibited the greatest variations in cover. 

56. In general it appears that many plants inhabiting 

disposal sites exhibit wide tolerance ranges, because of the 

wide range of soil characteristics in which they were found. 

This is reasonable because most disposal sites are vegetated 

by species characteristic of early successional stages. 
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PART III: DISPOSAL TECHNIQUE ALTERNATIVES 

Coals and Objectives - 

57. Ultimately the outcome of this project should give 

CE District offices alternatives for dredged material 

disposal which will allow enhancement or development of 

wildlife habitat. Current CE dredging capabilities were 

considered in development of these alternatives. Since the 

definition of enhancement varies, the objectives of this 

research were aligned according to regional needs with con- 

centration on valuable species and habitats adaptable to the 

region. Habitat enhancement includes improvement of habitat 

for game, non-game, or rare and endangered species. Addi- 

tionally, habitats themselves may be endangered (i.e., 

wetlands), and their development can be considered a regional 

objective. 

58. These studies did not cover every dredged material 

disposal site within a region. They did, however, cover a 

sufficiently broad expanse of confined sites with enough 

geographical distribution to allow extrapolation of results 

from one region to another. Those study areas chosen were 

selected because they exhibited wide ranges of sediment types, 

salinity regimes, and vegetation characteristics. Analysis 

of correlations of these factors with wildlife use and prefer- 

ence allows the widest range of options in habitat production. 

The fact that wildlife habitat or occurrence may not have been 

enhanced at an existing location was not involved in site 
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selection but must be addressed as part of the dredged 

material disposal alternatives for each region. 

General Ecological Succession Considerations 

59. Disposal of dredged material substitutes one envi- 

ronment for another. Consideration for the value of the 

present habitat, that produced under present CE disposal 

practices, and that which could b e produced by enhancement 

procedures must be weighed. A discussion of regional habitat 

structure and succession is presented to aid in these value 

judgements. It must be noted that the progress of succession 

is theoretical and permutations to the system such as fire or 

man's activities can drastically alter direction and rate of 

succession. 

Upland Succession 

60. Succession is the natural phenomenon whereby com- 

munities progress from a young, simply structured system of 

low diversity and high net primary productivity to a mature, 

complex, diverse climax system (Odum 1971). In the terrestrial 

system, old fields, pastures and shrub areas represent early 

successional situations while hardwood or occasionally 

coniferous forests are more mature systems. 

61. Old field succession occurs when land is abandoned 

after a period of extensive use, such as farming or paLture. 

Forts and grasses predominate for several yea-s ;'ter 

retirement. This early successional stage is ver! productive 
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(net community productivity), low in diversity, highly sus- 

ceptible to external permutations, and has poorly organized 

stratification and spatial heterogeneity (Odum 1971). A major 

value of plant species of this successional stage is their 

ability to vegetate barren areas quickly. Plant species 

characteristic of early successional stages are often adapted 

for rapid colonization, rapid growth rate, and ability to 

withstand harsh environmental conditions. 

62. Shrubs invade the herbaceous stage and eventually 

become codominant with forbs and grasses. Shrub or shrub-herb 

stages exhibit some characteristics of early and mature 

successional systems. They are intermediate in net community 

productivity and are more stratified than herb-dominated 

communities. As such, they often provide excellent food and 

cover for wildlife (Tubbs and Verme 1972). 

63. Tree species invade the shrub stage and eventually 

close the forest canopy. Successful perpetuation is deter- 

mined by the ability of the species to withstand intense 

competition for light, space, moisture, and nutrients. Those 

species which are the most successful competitors generally 

comprise a stable forest community. 

Wetland Succession 

64. The succession of open waterbodies normally leads 

to the production of shallow wetland areas which also 

undergo successional changes. Wetland succession occurs as 

the area is graduslly filled with materials eroded from its 
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basin and from the accumulation of the dead organic materials 

produced in the wetland itself. Freshwater marshes gradually 

change from a cattail marsh to a shrub swamp followed by a 

wooded swamp. As wooded swamus are filled, a truly terrestrial 

enviionment is formed (Martin 1959). Changes in the water 

table, however, influence both the rate and direction of 

succession. For example, while with an unchanging water table 

a cattail marsh would be expected to gradually fill to become 

a shrub swamp, this process could be reversed if the water 

table rose above that in which the shrubs could survive. 

Many wetland types are often associated with streams and 

rivers. In these cases the successional direction and rate 

is largely cont,:olled by the meandering of the water course. 

65. Tidal marshes, especially saltwater tidal marshes, 

do not exhibit the successional pattern described above. 

Salt marshes are vegetated land surfaces at the edge of the 

sea, alternately flooded and drained by tides. They are, in 

a geological time frame, a transitory feature developing 

where suspended mater ial, mostly of terrestrial origin, is 

deposited in quiet areas of estuaries, bays, and lagoons. 

When the surface of these deposits reaches an elevation above 

the low tide level, plants begin to colonize. Their root 

systems stabilize the sediments and further accretion occurs 

until the surface reaches mean high tide levels. The rate of 

deposition is dependent on the supply of sediment (Ragotzkie 

1960). Sea level cha.lges also affect the direction and rate 

of development. 
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Habitat Enhancement or Development - 

66. The enhancement or development of an environment 

for wildlife is accomplished by establishing the rate and 

direction of succession and arresting successional progression 

at some point maximally suited to the objectives. 

67. In order for succession to proceed unhindered, a 

site must be abandoned completely. How'ever, succession can 

continue where the frequency and volume of disposal do not 

completely destroy existing vegetation. The more infrequent 

the disposal in a confinement, the greater are chances for Q 

succession to continue and plant and animal components of 

communities to stabilize. For example, an aerial examination 

of Oyster Bed Island (Fig. 29) shows the relationships of 

disposal frequency and development of several stages: older 

sites are more heavily vegetated. No. 2 Savannah (Fig. 26) 

has been the subject of repeated and frequent disposal and, 

consequently, is poorly vegetated. 

68. The volume of disposal material influences the 

level of vegetation inundation and the range of sediment 

,dispersal in any given containment area. Mature wooded 

vegetation in the Tennessee Chute-site has been able to 

survive repeated disposal operations because ofSilits moisture 

tolerance and height. Vegetation that has developed since 

the initial disposal has been reduced or limited to areas of 

minimal inundation. Cedar trees and palmettos on some 

coastal disposal sites have persisted where inundation levels 

-94- 



have been low enough to prevent plant burial and to allow 

physiological functioning. 

69. Early abandonment of sites will allow them to begin 

the successional process sooner. The use of smaller confine- 

ments within disposal sites will shorten disposal time so 

that revegetation may proceed. Drum Island is divided into 

three sections. The westernmost confinement is no longer 

used for disposal of dredged materials; the result is that 

vegetation rapidly developed and succession proceeded 

unhindered until it was deliberately arrested at a shrub 

stage by brackish water inundation. Large sites near No. 2 

Savannah were constructed to receive a greater volume of 

dredged material. Consequently they will be utilized for a 

long time period and have ecological succession continually 

arrested at early stages over wide areas. 

70. To speed natural succession rates of abandoned 

areas, several alternatives are available. Terrestrial 

succession will generally develop more readily on smaller or 

more narrow disposal areas. Such geometric and size factors 

facilitate the establishment of colonizer species over the 

whole disposal area. Mounds may be constructed in functioning 

disposal areas which will develop vegetation during disposal 

activities and serve as seed sources after abandonment. 

Sprigging and seeding of areas can speed succession by 

increasing the colonization rate of isolated sites and bare 

areas and by the initiation of biological soil conditioning. 
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This conditioning includes the loosening and aeration of the 

soil and the buildup of an organic soil layer. 

71. Successional direction AS well as rate may be 

determined by physical characteristics of the sediment. In 

some cases some soil management may be required to achieve 

wildlife enhancement goals. For example, sandy disposal 

material is low in nutrients and retains moisture poorly so 

that colonization is slow. In order to increase the rate of 

successional development in such areas, an impermeable layer 

such as a silty clay to clay would reduce leaching. Con- 

versely, sand can be incorporated into fine-grained disposal 

material to facilitate leaching of salts. Acid soils may be 

neutralized and textural properties improved by adding lime 

in some areas (Gold 1971, Gosselink et al. 1972). Fertilizing 

can be used to supplement levels of nutrients. 

72. Dredged material and its accompanying water com- 

ponent may further regulate the direction and rate of 

ecological succession. For example, introduction of saline 

water to an area inhabited by nonhalophytic plants will kill 

the plants and retard succession. Material dredged from the 

Delaware River generally carries with it seed and root matter 

of the common reed (D.N. Riemer, Personal Communication), so 

the majority of disposal sites in this area are covered with 

this species regardless of what previously existed. (Common 

reed here represents a climax stage.) Wherever salt marshes 

are used as disposal areas, such as at Oyster Bed Island and 
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No. 2 Savannah, an3 tidal flushing ceases, terrestriai 

habitats are created in place of tidal grassland ecosystems. 

73. The arrestment of succession at a desired stage can 

be accomplished by burning, cutting, or herbicide application. 

d In addition,dredged material or decanted water may be used to 

stop succession. The inundation process has been used to 

manage a valuable wildlife area on Drum Island, where vegeta- 

tion growth in a heron colony is managed by periodic flooding 

with decanted water. 

74. Dredged material disposal procedures result in 

habitat types which are often specific to a geographical area 

or target species. It is possible, however, to create habitat 

types significantly different f- :II original types. Freshwater 

Wetli I),! or aquatic habitats can be developed in terrestrial 

environments where water loss from leaching and evapo- 

transpiration is equal to or less than the volume of rainfall 

or input. Upland habitats can be created where water loss 

rates exceed water input rates. A mixture of habitat types 

can also be accomplished and may be necessary to enhance 

habitat value for target species. The regional discussions 

to follow will elaborate on the specific alternatives 

available to Districts in each region. 
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General Constraints to Enhancement Alternatives 

75. The best approach to wildlife habitat enhancement 

is to focus on only those fauna1 species which are indigenous 

to a particular area. For example, the stocking of northern 

pike in the south would be unfeasible because temperatures 

reach levels above its tolerance. Introduction of exotic 

species into a region as an enhancement alternative is often 

ecologically undesirable and is not recommended. 

76. To help maximize success of the following alterna- 

tives, careful attention should be paid to the timing of 

subsequent disposals on a site if there are to be any, and 

the timing of fauna1 and floral introduction onto the site. 

The enhancement goals themselves should take into account 

the possible necessity of cont?nuccs disposal. Disposal 

operations should be coordinated wiLh seasons and stages in 

the lives of target species. 

77. Pollution levels in sediments and water should be 

evaluated, especially where human harvest or consumption of 

target specjes is involved. The physical or chemical type 

of dredged material needed to create the desired habitat may 

be unavailable and thus limit some enhancement alternatives, 

or require that the desired materials be brought in at 

additional cost. Time will be the limiting factor in the 

establishment of a mature habitat. 

78. CE personnel were questioned about legal OK economic 

constraints in the disposal of dredged material but few such 
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constraints were cited. Typically, the constraints related to 

restrictions imposed by the U.S. Department of the Interior 

or to the expiration of land easements. The EPA criteria for 

nonpolluted dredged material were not mentioned. 

79. To obtain information concerning laws or restric- 

tions regulating the disposal of dredged material on land in 

the vicinities of the sites, the EPA regional offices in 

Philadelphia, Atlanta, Chicago, Dallas, and Seattle were 

colltacted. All of the personnel talked with at these offices 

agreed that, in general, permits for dredging and disposal 

are issued on a case-by-case basis. Section 404 of Public 

Law 92-500, Federal Water Pollution Control Act Amendments of 

1972, was the most frequently mentioned guideline. Section 

404 reads as follows: 

“Sec. 404. (a) The Secretary of the Army, 
acting through the Chief of Engineers may issue 
permits, after notice and opportunity for public 
hearings for the discharge of dredged or fill 
material into the navigable waters at specified 
disposal sites. 

“(b) Subject to subsection (c) of this sec- 
tion, each such disposal site shall be specified 
for each such permit by the Secretary of the Army 
(1) through the application of guidelines developed 
by the Administrator, in conjunction with the 
Secretary of the Army, which guidelines shall be 
based upon criteria comparable to the criteria 
applicable to the territorial seas, the contiguous 
zone, and the ocean under section 403 (c), and (2) 
in any case where such guidelines under clause (1) 
alone would prohibit the specification of a site, 
through the application additionally of the 
econom!.c impact of the site on navigation and 
anchordge. 

“(cl The Administrator is authorized to pro- 
hibit the specification (including the withdrawal 
of specification) of any defined area as a disposal 
site, and he is authorized to deny or restrict the 
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use of any defined alea for specitication (in- 
cluding the withdrawal of specification) as a 
disposal site, whenever he determines, after notice 
and opportunity for public hearings, that the dis- 
charge of such materials into such area will have 
an unacceptable adverse effect on municipal water 
supplies, shellfish beds and fishery areas (in- 
cluding spawning and breeding areas), wildlife, 
or recreational areas. Before making such deter- 
mination, the Administrator shall consult with the 
Secretary of the Army. The Administrator shall 
set forth in writing and make public his findings 
and the reasons for making any determination under 
this subsection.” 

80. Other policies followed by some of the regional 

offices included the EPA’s Protection of Nation’s Wetlands 

Policy Statement (1973) and Section 10 of the River and Harbor 

Act of 3 March 1899. No permits for dredging in coastal zones 

are issued without approval of the governing state agency. 

However, the Secretary of Commerce may allow the permit if 

the proposed dredging is consistent with the objectives of 

the Coastal Zone Management Act of 1972. 

81. In addition, EPA’s Office of Legislation, Inter- 

governmental Relations Division, indicated that Public Law 

91-190, the National Environmental Policy Act of 19G9, ir 

used as a general guideline. It was stressed, however, that 

because of the lack of more specific regulations, each case 

is weighed individually. 

02. Major economic constraints involve the costs to 

initiate and carry through suggested alternatives for habitat 

development and/or improvement. Equipment such as draglines 

and bulldozers would be iecessary to partition sites by 
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diking. Some costs would be incurred from the more frequent 

relocation and/or modification of hydraulic dredge disposal 

p’3es to a site. Along with equipment cost are manpower 

costs for operation, supervision, and habitat management. 

83. The types of dredges being used at each site have 

no particular advantage or disadvantage with respect to 

constraints. Each dredge used open pipeline disposal. Several 

methods of altering the way the open-pipe material is dis- 

tributed to the disposal area can be envisioned, but the 

merits of enhancing habitat are limited. For example, using 

a pipeline extended across the site or a portion thereof, 

with perforated outlet holes along the length, would dis- 

tribute dredged material more evenly; however, the benefits 

of this technique are not believed proportional to the 

expected enhancement versus pumping impediment of the dredging 

operation. BaffZlng of the discharge pipe has been suggested, 

but again the merits as related to habitat enhancement of the 

15 sites studied would be few, if any. For further discussion 

on diBpOBa1 systems and VariOUS alternatiVeS, reference is 

made to Boyd et al. (1972). 

Regional Constraints, Successional Patterns, 
and Alternatives 

Great Lakes Region 

04. Constraints. The most problematic constraint in 

portions of the Great Lakes area is the co,~tamination asso- 

ciated with dredging operations. Refinery, industrial, and 
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municipal wastes in sediments may enter the water column and 

then the disposal area during the disturbance of dredging. 

Legal constraints are often associated with disposal of 

contaminated dredged materials. These wastes are potentially 

harmful to wildlife, particularly aquatic and wetland species. 

Problems are most acute in impoundments where leaching can 

occur. 

85. Petroleum wastes were detected at disposal sites 

during studies in this region. Current water pollution 

abatement legislation and other measures, are, however, 

resulting in lower contaminant levels. For example, less 

oil is currently present in the Detroit River than in past 

years: industrial wastes are now the most prominent 

pollutants (M.A. Cooper, Personal Communication). Industrial 

and petroleum wastes are still found in material in the 

Memphis District area (A.B. Richardson, Personal Communica- 

tion). 

86. Although not a constraint to habitat enhancement, 

the scarcity of land along dredged waterways in the Great 

Lakes Region poses a severe const.raint to future dredged 

material disposal. Should the frequency of disposal to small 

sites be increased due to scarcity of sites, the development 

of desired habitat could be hampered. 

87. Successional patterns. Discussion of successional 

stages to be expected in the Great Lakes Region concentrates 

on areas studied during the field phase of, this investigation. 
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a. Upland habitat, Detroit District. The 

vegetation climax for sites in the Detroit and Toledo area 

is in an area classified as beech-maple forest, dominated by 

American beech and sugar maple (Braun 1950). These climaxes 

are often modified by edaphic and other environmental factors 

to produce a situation dominated by species other than these 

hardwoods. 

In the herbaceous stage, fcrbs and grasses 

dominate immediately after abandonment for approximately ten 

years. The principal components are Kentucky bluegrass, 

milkweed, sorrel, panicgrass, and bush clover (Wiegert and 

Evans 1964). Numerous animals feed on these species, 

including bobwhite, sparrows, ring-necked pheasants, ground 

squirrels, eastern cottontails, and deer mice (Wiegert and 

Evans 1967, Martin et al. 1951). 

Shrubs begin invasion of the herbaceous 

stage after approximately five yeare and are co-dominant or 

dominant for 10 to 15 years. The principal components at 

this stage include elder, white ash, black cherry, sumac 

(staghorn, smooth), quaking aspen, and some herbs from the 

previous stage. Examples of animals that feed in these 

shrub habitats are bobwhite, cedar waxwings, ruffed grouser 

ring-necked pheasants, American robins, starlings, eaatern 

bluebirds, gray catbirds, white-tailed deer, white-footed 

mice, and eastern cottontails (Martin et al. 1951). . 
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In the young hardwoods stage, which lasts 

20 to 40 years, tree species that became important in the 

shrub stage develop into a wooded stage that is gradually 

invaded by more shade-tolerant mature hardwoods. The prin- 

cipal components at this stage include quaking aspen, white 

ash, sweetgum, black cherry, and shrubs of the previous stage 

(willow in damp sites). Species which feed in this habitat 

are the bobwhite, eastern goldfinch, ruffed cj;ouse, purple 

finch, and white-footed mouse (Martin el al. 1951). 

The climax hardwood is the final wooded 

stage possible in the existing climatic regime of an upland 

area.. Shade-tolerant hardwoods gradually dominate over young 

hardwoods after 30 to 40 years. The principal components are 

American beech, sugar maple, American elm, and white oak. 

Numerous animals, especially game species, spend large amounts 

of time in these woods although they often feed in shrub and 

field areas. The blue jay, evening grosbeak, ruffed grouse, 

raccoon, eastern chipmunk, and white-footed mouse (Martin 

et al. 3.951) feed on seeds of these trees and on shrub and 

ground cover species. Others like the tufted titmouse and 

red-bellied woodpecker use woods as ,nesting and carnivorous 

feeding habitat. 

b. Upland habitat, Memphis District. The vege- 

tation climax for sites in the Memphis District is in an area 

classified as the Mississippi alluvial dloodplain forest 

dominated by sweet gum and various oaks (Braun 1950). This 
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climax is often modified by edaphic and other environmental 

factors to produce a situation dominated by species other 

than these hardwoods. 

In the herbaceous stage, forbs and grasses 

predominate immediately after abandonment for approximately 

ten years. Principal components at this stage include 

goldenrod, aster, milkweed, and fleabane and daisies (Kelly 

et al. 1969). Many animals (e.g., mourning doves, bobwhite, 

red-winged blackbirds, eastern meadowlarks, tree sparcoys, 

Savannah sparrows, eastern cottontails, white-footed mice: 

Martin et al. 1951) forage in this highly ; ” ;ductl~~~.! area. 

Shrubs begin invasion of the herbaceous 

stage after approximately five years and are co-dominant with 

forbs and grasses or dominant for 10 to 15 years. Principal 

components at this stage include sassafras, sumac (staghorn, 

smooth), small hackberries and elms, and some herbs from the 

previous’ stage. Examples of fauna that feed on and among these 

shrub species are the great crested flycatcher, American 

robin, eastern phoebe, starling, gray catbird, bobwhlte, 

white-tailed deer, white-footed mouse, and eastern cottontail 

(Martin et al. 1951). 

Climax hardwood is the final wooded stage 

possible in the existing climatic regime of an upland area. 

Shade-tolerant hardwoods gradually dominate over young hard- 

woods after 30 to 40 years. Climax hardwoods will dominate 
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until the system i; slibjected to major perturbations such as 

fire or clearing. 

Principal components at this stage include 

sweetgum, southern Led oak, swamp red oak, tupelo, red maple, 

and willow. Numerous animals, especially game species, spend 

large amounts of time in these woods although often feeding 

in shrub and field areas. Other fauna such as the blue jay, 

tufted titmouse, evening grosbeak, red-bellied woodpecker, 

raccoon, eastern chipmunk, and white-footed mouse (Martin 

et al. 1951) feed on seeds of these trees and on shrub and 

ground cover species or utilize this habitat for nesting 

or carnivorous feeding. 

C. Wetland habitat, Detroit District. The 

vegetative cover of inland shallow fresh’water marshes in this 

region is principally common reed, rice cutgrass, .iedge, and 

cattail (Shaw and Fredine 1956). These marshes, in conjunc- 

tion with inland deep fresh water marshes, are used as feeding 

and nesting areas by ilaterfowl (Shaw and Fredine 1956). Other 

animals which use the food resources of these areas are 

beaver, white-tailed deer, mink, muskrat, raccoon (Martin 

et al. 1951), snapping turtles, water snakes, and the mud- 

puppy (Conant 1958). 

Shrub swamp areas, which are vegetated 

primarily by alder, willow, and buttonbush, are considered 

less valuable for waterfowl and are used only to a limited 

extent for feeding and nesting (Shaw and Fredine 1956). Other 

-106- 



animals, including white-tailed deer, beaver, raccoon, 

muskrat, and mink, use food materials produced in the shrub 

swamp. 

Wooded swamps contain water-logged soils to 

within an inch of the surface during the growing season and 

are often covered by as much as a foot of water. Red maple, 

black spruce, tamarack, arborvitae, balsam, and black ash 

make up the major vegetative components (Shaw and Fredine 

1956). As with shrub swamps, waterfowl usage is low; however, 

they are used more by resident species. Some animals likely 

to use wooded swamps include the wood duck, ruffed grouse, 

woodcock, white-tailed deer, beaver, mink, muskrat, and 

raccoon (Martin et al. 1951), massasauga, water snakes, 

rattle snakes, spring peepers, and leopard, green, and bull 

frogs (Wright and Wright 1949, 1957). 

d. Wetland habitat, Memphis District. Inland 

shallow freshwater marshes located in this region are covered 

by arrowhead, mnidencane, sawgrass, and pickerelweed and are 

used somewhat by waterfowl, mostly as a supplemental feeding 

area (Shaw and Fredine 1956). The food produced in this 

environment is known to be eaten by white-tailed deer, mink, 

muskrat, raccoon, and skunk (Martin et al. 1951). Shrub 

swamps in this area have similar plant and animal assemblages 

as those in the Detroit District. Principal species of the 

wooded swamps are tupelo gum. The fauna1 component includes 

wood duck, woodcock, white-tailed deer, and raccoons. 
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Reptiles and amphibians are represented by a greater num- 

ber of species here than in the Detroit region. (Conant 

1958). 

e. Open-water habitat, Detroit and Memphis 

Districts. Submergent plants such as pondweed and water mil- 

foil are to be expected in the zone which is shallow enough 

for light to penetrate to the bottom but deep enough that 

floating-leaved plants such as waterlilies cannot grow and 

shade them out. In even more shallow zones, emergent plants 

such as cattails and arrowhead can be found. Minnows, sunfish, 

suckers, and bullhead are expected. 

88. The alternatives described below represent options 

available to Districts in the Great Lakes Region. General 

methodologies to attain desired habitats and biotic components 

are presented. A biologist and/or soils engineer should be at 

each site during habitat enhancement activities to refine the 

methodologies. 

89. The target species should be defined, its habitat 

requirements identified, and suitable vegetative cover, food 

and water resources, and living space provided. Once these 

requirements have been met, active habitat management must 

often be continued to control population levels and ecological 

succession. In order to select target species, the advice of 

biologists in the region was sought concerning valuable wild- 

life species. Their suggestions, along with the feasibility 
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of appropriate habitat preparation for the species, were then 

considered in the final selections. 

a. Upland habitat. The following game and fur- 

bearing animals can benefit most from habitat development on 

upland portions of disposal areas: 

Page* 

Mourning dove Cl 

Ruffed grouse c3 

Woodcock C6 

Bobwhite c9 

Turkey Cl4 

Ring-necked pheasant Cl7 

White-tailed deer Cl9 

Eastern cottontail c22 

Woodchuck C24 

Canada goose C25 

* See the indicated page in Appendix C for general habitat 

requirements and management. 

In order to provide the appropriate upland 

habitats for the target species, certain manipulations may be 

necessary. Compartmentalizing or partitioning sites and 

rotating disposal locations within sites should ,be considered 

for habitat beyond the earliest successional stages (see 

experimental format for Grassy Island, MRGO, and Savannah 

test areas as examples). In large confined disposal areas, 

particularly where disposal is frequent, mounds can be created 
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which are at an elevation above the disposed dredged material. 

These will serve as seed sources to speed establishment of 

vegetation after disposal. 

Once the dredged material is relatively dry, 

physical characteristics should be determined. Soil pH near 

neutrality is desirable; application of lime will be needed 

if the soil is acidic. Nutrient enhancement by fertilization 

may be required. Soil drainage characteristics may need to be 

modified. If pollutants are a possible constituent of the 

dredged material, tests should be performed to confirm their 

presence or absence. Attention should be paid to insure that 

desired vegetation will not take up toxic materials from 

buried soil and render them available for fauna1 consumption. 

Periodic checks for pollutants in vegetation should be under- 

taken where this event is a likelihood. 

After the site has been properly prepared, 

the area can be seeded or sprigged with herbs and grasses, 

or planted with tree seedlings or shrubs, although vegeta- 

tion may volunteer if sufficient natural seed sources are 

available in the vicinity. At this point the site may be 

left unperturbed to undergo natural succession to the desired 

stage. Any perturbation to the system such as mowing, 

burning, or further disposal of dredged material would arrest 

or lengthen the successional process. 
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b. Freshwater wetland habitat. The following 

game animals may specifically benefit by enhancement schemes 

on wetland areas of dredged material disposal sites: 

Page 

Canada goose C25 

Mallard C27 

Black duck c29 

Wood duck c31 

Muskrat c33 

Many species of vaterfowl would find the 

developed habitat suitable. Those mentioned above have had 

substantial information generated in the literature concerning 

their management and are representative of this group of game 

animals. 

Freshwater wetlands may be established in 

terrestrial environments (see Grassy Island and Savannah test 

areas, pages 169 and 172, for details). Techniques for this 

include partitioning disposal areas to allow settling of sus- 

pended sediments, and creating depressions and soil character- 

istics to allow water to pond. A confinement which is to become 

a freshwater marsh may require flushing with rainwater to 

reduce salinity levels. To allow succession to proceed to 

the desired stage in disposal sites which are frequently 

used, compartmentalization will be necessary to prevent 

successional retardation. Stocking the site with desired 
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fur-bearers, forage plants, marsh grasses, and waterfowl, 

such as commercially available mallards, could be done. 

Vegetation removal through use of herbicides and waterlevel 

management may be necessary to maximize waterfowl use. Fur- 

bearers may also require management. Evaluations should be 

made to determine best population levels for fur-bearers and 

to maximize the waterfowl carrying capacity. 

C. Open-water habitat. Open-water habitats 2.3~ 

be created on confined disposal sites by varying the elevation 

of the area and/or dikes and by lining the depressed areas 

with relatively impermeable substrates. Adequate water supply 

may be obtained from rainfall, diversion of a portion of a 

nearby water course, or pumping. Shallow open-water areas 

provide very good habitat for waterfowl. Planting of 

appropriate aquatic vegetation should provide excellent 

feeding areas for geese and pond ducks. 

Largemouth bass (page C54) and bluegill 

(page C53) communities are easily established by using 

proper stocking techniques in newly created ponds. The pond 

should consist of shallow areas about one m in depth, and at 

least one deep area in excess of six m. At least 10 percent 

of the bottom substrate in the shallow areas should provide 

a firm base for largemouth bass nesting (Curtis 1949, Simon 

1951). Sand or gravel would suffice. Bluegill are less 

restricted in their spawning habits and can nest on various 

substrates including mud (Calhoun 1966). The introduction of 
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aquatic vegetation would provide a food source and cover for 

prey organisms. Additional cover consisting of boulders, 

sunken logs, or other debris would provide additional protec- 

tion as well as increase surface area for algal production 

(Reid 1961). 

Stocking of largemoutb bass at the rate of 

100 fry/acre and bluegill at 500 to 1000 fry/acre was rec- 

ommended by Regier (1963). Planting these fish in spring 

would allow the best chance for their survival, because 

during this period the greatest food supply exists. Assis- 

tance with stocking is given by many state fisheries 

departments when public access is allowed to such waters. 

After initial stocking, periodic examination 

and the application of maintenance procedures may be required. 

A largemouth bass-bluegill community can become imbalanced 

with an over-abundant bluegill population that retards large- 

mouth bass number3 by preying too heavily on the bass fry. 

The bluegill population then becomes stunted because of the 

increased competition for available food and decrease in 

predation (Calhoun 1966). This can be corrected by several 

methods, one being the addition of another predator species 

such as northern pike (K.D. Carlander, Personal Communica- 

tion). Another method is selective elimination of the 

overabundant species (Calhoun 1966). 

The presence of pollutants in the water and 

sediments is undesirable as toxic conditions may arise or 
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pollutants may enter the food chain. Covering the sediments 

with an impermeable layer should isolate them from the bio- 

logical community. Since plant roots may penetrate to the 

polluted level, vegetation should be periodically examined 

to deterr ’ e if uptake is occurring. 

d. Other habitat. The best goals for habitat 

enhancement for other species in the Great Lakes J.Iegion area 

include shorebird feeding and gull and tern nesting. Possibly 

the most difficult of these habitat usage goals to attain is 

the development of nesting habitat for colonial bird species. 

A nesting habitat requires tha’t adequate 

feeding grounds should be nearby, human intrusion should be 

at a minimum during and just prior to nesting seasons, and 

proximity to a shoreline is warranted. Many species require 

island environments and most need sand for a nesting sub- 

strate. Shorebird feeding habitat can be readily created by 

providing a shallow water environment. The soil composi cion 

is relatively unimportant as long as pollution is not ?; 

problem and the sediment will retain water. To discourage 

significant macrophytic vegetation accumulation, water 

levels should be varied over a relatively wide range with 

use of waters from dredged material disposal. Burning in 

the winter to kill emergent freshwater vegetation may be 

conducted. 

Wetland and terrestrial ecological succes- 

sion should be maintained at early stages for successful 
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shorebird feeding habitats. Aquatic succession from an 

oligotrophic to eutrophic state can be allowed to proceed 

unimpeded up to the point where emergent macrophytic vegeta- 

tion such as cattails, reeds, sedges, and rushes begin 

significant development. 

Several shorebird feeding habits, require- 

ments, and habitat development schemes are listed on page 

C38. Target species which form nesting colonies include: 

Paae 

Herring gull C42 

Ring-billed gull c43 

Caspian tern c47 

Forester's tern c50 

North Atlantic Region 

90. Constraints. Pollution levels of waters and 

sediments along the Delaware River should be considered in 

designing viable wildlife enhancement alternatives. Refinery 

pollutants (Mr. H. H. Griffith, Personal Communication) and 

municipal wastes enter the rivers and are potentially harmful 

to wildlife, particularly aquatic and wetland species. The 

problems would be most acute in impoundments where leachates 

of sediments can accumulate. As water qualities are improved, 

problems associated with polluted dredged material ahoul< 

also improve. Still, initial dredging may mix and disturb 

polluted sediments which were buried prior to water-quality 

improvement activities. 
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91. Legal constraints are prominent in much of this 

region. Disposal in salt marsh and estuarine areas of New 

Jersey is regulated by the New Jersey Environmental Protection 

Agency and U.S. Fish and Wildlife Service in terms of location 

and frequency of disposal (Mr. H. H. Griffith, Personal 

Communication). 

92. The scarcity of land disposal sites in the North 

Atlantic Region is a potential constraint to dredging in upper 

reaches of navigable waterways. The development or enhance- 

ment of suitable wildlife habitat would then be constrained by 

more frequent diposal to active sites. 

93. Successional patterns. Discussions of successional 

stages to be expected inthe North Atlantic Region concentrate 

on areas studied during the field phase of this report. 

a. Upland habitat, Philadelphia District. The 

vegetation climax of sites in the Philadelphia District is an 

oak-chestnut forest dominated by white and northern red oaks 

(Braun 1950). This climax is often modified by edaphic and 

other environmental factors to produce a situation dominated 

by species other than the hardwoods. Such is the case in the 

dredged material sites where common reed ‘is the predominant 

species. 

The herbaceous stage is vegetated principally 

by panicgrass, bear grass, bluegrass, fescue, goldenrod, 

aster, milkweed, smar tweed, and pokeweed. Species including 

ring-necked pheasant, mourning dove, bobwhite, tree sparrow, 
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savanndh spdrrow, red-winged blackbird, eastern meadowlark, 

edstern cottontails, and white-footed mice forage in this 

highly productive area (Martin et al. 1951). 

The herbaceous stage gradually gives way 

to the shrub stage, which is dominated by elder, white ash, 

black cherry, sumac (staghorn, smooth), and some herbs from 

the previous stage. Examples of animals that feed in the 

shrub environment are the ring-necked pheasants, eastern 

bluebird, gray catbirds, American robins, starlings, cedar 

waxwings, white-tailed deer, white-footed mice, eastern 

cottontails, and bobwhite (Martin et al- 1951). 

Light-tolerant tree species invade the shrub 

habitat and produce a young hardwood stage. The principal 

vegetative components are white ash, sweetgum, black cherry, 

and shrubs of the previous stage. Animals which feed within 

this habitat are bobwhite, purple finch, eastern goldfinch, 

ruffed grouse, and white-footed mice (Martin et al. 1951). 

The climax farest follows the young hardwoods 

and consists primarily of white oak, northern red oak, red 

maple, American beech, and hickories. Numerous animals, 

especially game species, spend large amounts of time in these 

woods although they may feed in shrub and field areas. Some 

non-game species utilizing woods include the blue jay, tufted 

titmouse, red-bellied woodpecker, evening grosbeak, eastern 

chipmunk, white-footed mouse, and raL.coon (Martin et al. 

1951). 
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b. Upland habitat, Nor folk District. The 

dominant vegetation of sites in the Norfolk District is the 

Southeastern evergreen forest region dominated by cypress and 

tupelo or various oaks (Braun 1950). This type is often 

modified by edaphic and other environmental factors to produce 

a situation dominated by species other than these hardwoods. 

Forbs and grasses predominate in old fields 

immediately after abandonment. The principal components are 

grasses such as crabgrass, broom sedge, and fescue and 

goldenrod, aster, milkweed, and dogfennel (Kelly et al. 

1969). Numerous animals including bobwhite, tree sparrows, 

Savannah sparrows, mourning doves, red-winged blackbirds, 

eastern meadowlarks, white-footed mice, and eastern cotton- 

tails (Plartln et al. 1951) forage in this area. 

Shrubs begin Invasion of herbaceous stage 

after approxfmately five years and are co-dominant with forbs 

and grasses or dominant for 10 to 15 years. The pr lnclpal 

plant components are sassafras, sumac (staghorn, smooth), 

small hackberries, elms, and some herbs from the previous 

stage. Examples of animals that feed among these shrub 

species are the great-crested flycatcher, eastern phoebes, 

gray catbirds, American robins, starlings, bobwhite, cedar 

waxwings, eastern cottontails, white-tailed deer, and whlte- 

footed mice (Martin et al. 1951). 

Tree species that became important In the 

shrub stage develop into a young wooded stage. The principal 
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[I 1 d II t components, are white ash, ',weetqum, hackberty, elm, all{: 

shrubs of the previous stage. Animals which feed on and among 

these species are bobwhite, purple finch, eastern goldfinch, 

white-footed mice, and white-tailed deer (Martin et al. 1951). 

Climax hardwood is the final wooded stage 

possible in the existing climatic regime of an upland area. 

Shade-tolerant hardwoods gradually dominate over young hard- 

woods after 30 to 40 years. Principal components are 

sweetgum, cypress, southern red oak, swamp red oak, white 

ash, and willow. Numerous animals, especially game species, 

spend large amounts of time in these woods although often 

feeding in shrub and field areas. Other fauna such as the 

blue jay, tufted titmouse, red-bellied woodpecker, evening 

grosbeak, raccoon, eastern chipmunk, and white-footed mouse 

(Martin et al. 1951) feed in this habitat. 

C. Wetland habitats, Philadelphia District. 

The vegetative cover of inland shallow freshwater marshes in 

this region is principally common reed, rice cutgrass, sedge, 

giant bur-reed, cattail, arrowhead, pickerelweed, and 

smartweed (Shaw and Fredine 1956). These marshes, in con- 

junction with inland deep freshwater marshes, are used as 

feeding and nesting areas by waterfowl (Shaw and Fredine 

1956). Other animals which use the food resources of these 

areas are beaver, white-tailed deer, mink, muskrat, and 

raccoon (Martin et al. 1951), snapping turtles, and water 

snakes (Conant 1958). 
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Shrub swamp areas which are vegetated 

primarily by alder, willow, buttonbush, dogwood, and swamp 

privet are considered less valuable for waterfowl and are 

used only to a limited extent for feeding and nesting (Shaw 

and Fredine 1956). Other animals, including white-tailed 

deer, beaver, raccoon, muskrat, and mink, use the food 

materials produced by the plants of the shrub swamp. 

Wooded swamps contain waterlogged soils to 

within an inch of the surface during growing season and are 

often covered by as much as a foot of water. Red maple and 

black ash make up the major vegetative components (Shaw and 

Fredine 1956). As with shrub swamps, waterfowl usage is 

low; however, wooded swamps are used more by resident species. 

Those animals likely to utilize wooded swamps include wood 

duck, ruffed grouse, woodcock, white-tailed deer, beaver, 

mink, muskrat, raccoon, water snakes, woodland salamanders, 

leopard frogs, green frogs, and bullfrogs (Conant 1958). 

The salt marshes of the east coast of the 

United States can be divided into two general types primarily 

related to sediment characteristics. The New England type 

salt marsh OCCUKS from Maine to New Jersey where the shore 

is composed largely of hard rock. Silt is limited and the 

marsh substrate is largely fibrous marine peat. Southward 

from New Jersey to northern Florida and into the Gulf Coast 

softer rocks have eroded, providing large amounts of silt. 

Sediment transported downriver supplies a major portion of 
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s a 1 t 3rsh substrate material In this area. bprc the marshes 

are wtde and relatively flat, and have a substrate made of 

soft grey silt (Cooper 1969). 

The New England type salt marsh has a rather 

clear zonation (Chapman 1940, Redfield 1972, and Nixon and 

Oviatt 1973). Smooth cordgrass occurs in the intertidal 

regions in dense stands. Depending on the tidal amplitude 

and the slope of the shore, the belt may vary from a fringe 

next to the water to wide areas. Landward of the smooth 

cordgrass zone, at a slightly higher elevation, :here is a 

well-developed zone dominated by saltmeadow cordgrass mixed 

with seashore salt grass. In zones of higher elevation are 

black grass and at the upland edge of the marsh a fringe of 

switchgrass and freshwater cordgrass mixed with many other 

species. 

Nixon and Oviatt (1973) stated that animals 

inhabiting a Rhode Island marsh included the mud fiddler 

crabs, marsh snails, and ribbed mussels. All of these species 

occurred at lower densities than reported from studies of 

southern marshes. For example, the mud fiddler crab was 

reported to have population densities of 2.7 + 3.8 per m 
2 

in New England and 205 per m 
2 in Georgia (Wolf et al. 1972). 

Mammals observed in the Rhode Island marsh included mice, 

voles, muskrats, and r nccoons. All were in low numbers. 

Ducks, gulls, and terns made up the three major types of 

birds inhabiting the marsh and nearby waters. In addition 
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the great blue heron, snowy egret, green heron, black-crowned 

night heron, mute swan, clapper rail, solitary sandpiper, 

lesser yellowlegs, and belted kingfisher were sighted in the 

marsh area along with a few visitors from nearby woodlands. 

Marshes of New Jersey and Delaware show 

characteristics of both the New England and more southern 
i !  

marshes. As in New England marshes, smooth cordgrass in- 

habits a relatively limited zone with saltmeadow cordgrass 

making up the largest zone. However, smooth cordgrass shows 

a taller growth form near creeks, a pattern typical of 

southern areas. Black grass grows at higher elevations. 

d. Wetland habitat, Norfolk District. Inland 

freshwater meadows located in this region are covered by 

sedges, rushes, red top, and reedgrass (Shaw and Fredine 

1956). They are used by waterfowl, mostly as a supplemental 

feeding area, and by pheasant, eastern cottontail, white- 

tailed deer, mink, muskrat, raccoon, and striped skunk 

(Martin et al. 1951). 

Shrub swamps in this area have similar 

plant and animal assemblages as those in the Philadelphia 

District. Wooded swamps contain a much more diverse group 

of trees farther south in the Norfolk District than in the 

Philadelphia District. Principal trees are water oak, 

overcup oak, tupelo gumr swamp black gum, and cypress. 

Tidal marshes in the Chesapeake Bay area 

vary considerably due to salinity regimes ranging from less 
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than 1 ppt in the upper reaches of the Bay to 30 ppt near 

the mouth (Lippson 1973). The western shore of the Chesapeake 

Bay contains water of lower salinities. In this region salt 

reed-grass is often found bordering streams in the fresher 

areas, and seashore salt grass is more abundant than salt- 

meadow cordgrass at higher elevations '(Cooper 1969). 

Wass (1969) stated that the smooth cordgrass 

community, as represented by that bordering lower Chesapeake 

BayI supports all marsh periwinkles, ribbed mussels, and mud 

fiddler crabs. The diamond-backed terrapin is the principal 

reptile. Four species of birds nest in the marsh proper: 

the clapper rail, Forester's tern, willet, and laughing gull. 

Many other birds, especially during migration, use the marsh 

areas. Seventy-three species of birds which are normally 

associated with water, marsh, and beach habitat were located 

in the Chincoteague area of the Chesapeake Bay during the 

Audubon 1968 Christmas count (Plunkett 1969). Raccoons are 

the most abundant mammal of the salt marsh (Wass 1969). 

The fresher salt reed-grass marshes have a 

lower diversity of fauna than do the smooth cordgrass 

marshes. Here the red-jointed fiddler crab and a few 

insects and spiders are the dominant invertebrates. Muskrats 

and raccoons are the most abundant mammals, along with the 

mink (Wass 1969). Long-billed marsh wrens, king and clapper 

rails, and common gallinules nest in this marsh type. Many 

other birds use these marshes during migration, but not to 
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the extent that the smooth cordgrass marshes are used (Wass 

1969). 

e. *n-water habitat, Philadelphia and Detroit 

Districts. Submergent plants such as pondweed and water milfoil 

are to be expected in the zone which is shallow enough for 

light to penetrate to the bottom but deep enough that float- 

ing-leaved plants such as waterlilies cannot grow and shade 

them ou?. In even more shallow zones, emergent plants such 

as cattails and arrowheads can be found. 

94. Alternatives. The alternatives described below 

represent options available to Districts in the North Atlantic 

Region. General methodologies to attain desired habitats and 

biotic components are presented. A biologist and/or soils 

engineer should be at each site during habitat enhancement 

activities to refine the methodologies. 

95. The target species should be defined, its habitat 

requirements identified, and suitable vegetative cover, food 

and water resources, and living space provided. Once these 

requirements have been met, active habitat management must 

often be continued to control population levels and ecological 

succession. In order to select target species, the advice of 

biologists in the region was sought concerning valuable 

wildlife species. Their suggestions along with the feasibility 

of appropriate habitat preparation for the target species 

were considered in the final selection. 
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a. Upland habitat. The following game and fur- 

bearing animals can benefit most from habitat development on 

ur nd portions oE disposal areas: 

Page 

Mourning dove Cl 

Ruffed grouse c3 

Woodcock C6 

Bobwhite c9 

Turkey Cl4 

Ring-necked pheasant Cl7 

Canada goose C25 

See the above-listed pages for general habitat requirements 

and management, 

Common reed rapidly colonizes most disposal 

sites in the North Atlantic Region. It can be of use in 

desiccating disposal areas by evapo-transpiration. Ecolog- 

ical succession, however, will not readily proceed from this 

point without some major perturbation. In order to provide 

habitat other than that of common reed it is necessary to 

eliminate it. Therefore, the primary habitat maintenance 

schemes for brackish and freshwater disposal sites require 

replacement of common reed stands with more desirable species. 

Herbicide application and some water-level management tech- 

niques have been used to remove common reed (Mr. Fred Ferrigno, 

Personal Communication). Alternatives to herbicide applica- 

tion including burning, harvesting, and trampling vegetation. 
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Following removal of common reed physical 

characteristics of the soil should be determined. The soil 

in this region will probably require a high-level application 

of lime due to its typical acidic nature and high exchange 

capacity (Gold 1971). In more brackish or marine disposal 

sites where organic mud and silt predominate, liming helps 

prevent a dense layer of clay from forming just beneath the 

ground surface (Gosselink et al. 1972). Gold (1971) described 

some problems encountered with excessive zinc in disposal 

material, which can be compensated for with proper fertili- 

zation. If pollutants are a possible constituent of the 

dredged material, tests should be performed to confine their 

presence or absence. Care should be taken to insure 

that desired vegetation will not take up toxic materials from 

buried soil and render them available for fauna1 consumption. 

Periodic checks for pollutants in vegetation should be 

undertaken where this event is a likelihood. 

After the site has been properly prepared, 

the area can be seeded or sprigged with herbs and grasses or 

planted with tree seedlings or shrubs, although vegetation 

may volunteer if sufficient natural seed sources are available 

in the vicinity. At this point the site may be left unper- 

turbed to undergo natural succession to the desired stage. 

Any perturbation to the system such as mowing, burning, or 

further disposal of dredged material would arrest or lengthen 

the successional process. 
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b. Halophytic and freshwater wetland habitat. 

The following game animals may specifically benefit by 

enhancement schemes on wetland areas of dredged material 

disposal sites: 

Canada goose 

Mallard 

Black duck 

Wood duck 

Muskrat 

Page 

C25 

C27 

c29 

c31 

c33 

Many species of waterfowl would find the 

developed habitat suitable. Those mentioned above have had 

substantial information generated in the literature concerning 

their management and are representative of this group of game 

animals. 

Halophytic wetlands will require a tidal 

flux and may require seeding with appropriate species. High 

marsh habitats could be created by use of low dikes to allow 

spring tidal influence and/or allowance of tidal flux by 

opening flood gates in the confinement. 

Freshwater wetlands may be established in 

fresh or brackish water environments (see Savannah test area). 

Techniques for this include partitioning disposal areas to 

allow settling of suspended sediments, and creating depres- 

sions and soil characteristics to allow water to pond. A 
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confinement which is to become a freshwater marsh may require 

flushing with rainwater to reduce salinity where sediment 

contains salt ions. To allow marsh succession to proceed 

satisfactorily in disposal sites which are frequently used, 

compartmentalization will be necessary to prevent successional 

retardation. Wetlands in freshwater areas would require less 

partitioning and flushing regimes. Common reed removal may 

still be necessary and could be accomplished through use of 

a herbicide. Stocking the site with desired fur-bearers, 

forage plants, and waterfowl such as commercially available 

mallards could be done. Vegetation removal through use of 

herbicide and water-level management may be necessary to 

maximize waterfowl use. Fur-bearers may also require manage- 

ment. Evaluations should be made to determine best population 

levels for fur-bearers and to maximize the waterfowl carrying 

capacity. 

C. Open-water habitat. Open-water habitats may 

be created on confined disposal sites by varying the elevation 

of the area and/or dikes and by lining the depressed areas 

with relatively impermeable substrates. Adequate water supply 

may be obtained from rainfall, diversion of a portion of a 

nearby water course, or pumping. 

Largemouth bass (page C54) and bluegill 

(page C53) communities are easily established by using 

proper stocking techniques in newly created ponds. The pond 

should consist of shallow areas about one m in depth, and at 
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least one deep area in excess of six m. At least 10 percent 

of the bottom substrate in the shallow areas should provide 

a firm base for largemouth bass nesting (Curtis 1949, Simon 

1951). Sand or gravel would suffice. Bluegill are less 

restricted in their spawning habits and can nest on various 

substrates including mud (Calhoun 1966). The introduction of 

aquatic vegetation would provide a food source and cover for 

prey organisms. Additional cover consisting of boulders, 

sunken logs, or other debris would provide additional protec- 

tion as well as increased surface area for algal production 

(Reid 1961). 

Stockting of largemouth bass at the rate of 

100 fry/acre and bluegill at 500 to 1000 fry/acre was 

recommended by Regier (1963). Planting these fish in spring 

would allow the best chance for their survival, because 

during this period the greatest food supply exists. Assis- 

tance with stocking is given by many state fisheries 

departments when public access is allowed to such waters. 

After initial stocking, periodic examination 

and the application of maintenance procedures may be required. 

A largemouth bass-bluegill community can become imbalanced 

with an over-abundant ‘bluegill populationthat retards 

largemouth bass numbers by preying too heavily on the bass 

fry. The bluegill population then becomes stunted because 

of the increased competition for available food and decrease 

in predation (Calhoun 1966). This can be corrected by 
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several methods, one being the addition of another predator 

species such as northern pike (K. D. Carlander, Personal 

Communication). Another method is selected elimination of 

the overabundant species (Calhoun 1966). 

The presence of pollutants in the water and 

sediments is undesirable as toxic conditions may arise or 

pollutants may enter the food chain. Covering the sediments 

with an impermeable layer should isolate them from the 

biological community. Since plant roots may penetrate to 

the polluted level, the vegetation should be periodically 

examined to determine if uptake is occurring. 

d. Other habitat. The development of nesting 

habitat for colonial bird species is often difficult to 

attain since such habitats often depend on nearby suitable 

feeding grounds and on the absence of human and tidal intru- 

sion. The development of feeding habitat, on the other hand, 

is relatively easy to establish for most species. 

Nesting habitat requires that adequate 

feeding grounds be nearby, human intrusions be at a minimum 

during and just prior to nesting seasons, and the area be 

close to the coast. Many species require Island environments 

and most need sand for a nesting substrate. Shorebird feeding 

habitat can be readily created by providing a shallow-water 

environment. The soil composition is relatively unimportant 

as long as pollution is not a problem and the sediment will 

retain water. To discourage significant macrophytic 
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vegetation accumulation, water levels should be varied over a 

relatively wide range with use of tidal waters or waters from 

dredged material disposal, or by burning in the winter to 

kill emergent freshwater vegetation. 

Wetland and terrestrial ecological succession 

should be maintained at its earliest stages for successful 

shorebird feeding habitats. Aquatic succession from an oligo- 

trophic to eutrophic state can be allowed to proceed unimpeded 

up to the point where emergent macrophytic vegetation such as 

cattails, reeds, sedges, and rushes begins significant 

development. 

The best goals for habitat enhancement in 

this area include shorebird feeding, and gull, tern, skimmer, 

and wading bird nesting. Wading bird nesting requirements and 

management schemes are cited on page C35; general shore- 

bird feeding habits, requirements, and habitat creation 

schemes are listed on page C38. Specific target species 

which form nesting colonies include: 

Paue 

Herring gull C42 

Ring-billed gull c43 

Laughing gull c44 

Common tern 

Roseate tern 

Caspian tern 

c45 

C46 

c47 
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Gull-billed tern C48 

Royal tern c49 

Forester's tern c50 

Least tern c51 

South Atlantic Region 

96. Constraints. Pollution of waters and sediments 

along the major river systems in the south should be consid- 

ered in designing viable wildlife enhancement alternatives. 

Municipal wastes and industrial pollutants which enter the 

rivers and estuaries are potentially harmful to wildlife, 

particularly squatic and wetland species. The Savannah River 

requires maintenance dredging and the waters of the lower 

reaches of the river are polluted. These problems are most 

acute in impoundments where leachates of sediments can 

accumulate. Legal constraints, besides those mentioned in 

the EPA, are not prominent in much of this region. 

97. Succession patterns. Discussions of successional 

stages expected in the South Atlantic Region concentrate on 

areas studied during the field phase of this investigation. 

a. Upland habitat, Charleston and Savannah 

Districts. The dominant vegetation type for the Charleston 

District is southeastern forest, dominated by cypress and 

tupelo or various oaks (Braun 1950). This climax is often 

modified by edaphic and other environmental factors to 

produce a situation dominated by species other than the 

hardwoods. 
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The herbaceous stage is vegetated princi- 

pally by grasses, broom sedge, goldenrod, aster, and pokeweed. 

Numerous animals feed in this habitat including mourning 

doves, bobwhite, Savannah sparrows, red-winged blackbirds, 

eastern meadowlarks, eastern cottontails, and white-footed 

mice (Martin et al. 1951). 

The herbaceous stage gradually gives way to 

the shrub stage, which is dominated by myrtle, groundsel, 

black cherry, sumac, and blackberry and some herbs from the 

pKt3ViOUB stage. The fauna that feed among these shrub species 

include the bobwhite, mourning dove, mockingbird, sparrows, 

gray catbird, white-tailed deer, white-footed mouse, and 

eastern cottontail. 

Light-tolerant tree species invade the 

habitat and produce an evergreen stage., The principal vege- 

tative components are loblolly and long, leaf pines, black 

cherry, and shrubs of the previous stage. Animals which feed 

in this habitat are bobwhite, Bachman’s eparrow, Carolina 

chickadee, nuthatch, fox squirrel, and gray squirrel. 

The climax forest follows the young hard- 

woods and consists primarily of oak, hickory, and pine or 

cypress and tupelo. Numerotts animals, especially game 

speciea, spend large amounts of time in these woods while 

feeding in shrub and field areas. The blue jay, red-bellied 

woodpecker, tufted titmouse, eastern chipmunk, white-footed 

mouse, and raccoon (Martin et al. 1951)‘feed on animal and 

plant matter produced in this environment. 
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b * Wetland habitat, Charleston and Savannah -I__- 

Districts. The vegetative cover of an inland shallow fresh- 

water marsh in this region is principally arrowhead, 

pickerelweed, cattail, .and smartweed (Shaw and Fredine 1956). 

These marshes in conjunction with inland deep freshwater 

marshes are used as feeding and nesting areas by waterfowl 

but only for nesting in northern portions of this region 

(Shaw and Fredine 1956). Other animals which use the food 

resources located in these areas are the white-tailed deer, 

mink, muskrat, raccoon (Martin et al. 1951), mud turtle, 

yellow-bellied turtle, water snake, cottonmouth, spring 

Peeper I green treefrog, pig frog, and,bullfrog (Conant 

1956). 

Shrub swamp areas are vegetated primarily 

by willow and buttonbush. These marshes are considered 

less valuable for waterfowl and are used only to a limited 

extent for feeding and nesting (Shaw and Fredine 1956). Other 

animals, including white-tailed deer, beavers, raccoons, 

muskrats, and minks, use the food produced by the plants of 

the shrub swamp. 

Wooded swamps contain waterlogged soils to 

within an inch of the surface during the grvwing season and 

are often covered by as much as a foot of water. Cypress, 

tupelo, gum, and buttonbush make up the major vegetative 

components. As with shrub swamps, waterfowl usage is low. 

Those animals likely to use wooded swamps include wood ducks, 

-134- 



woodcocks, white-tailed deer, beavers, minks, raccoons, water 

snakes, cottonmouths, and frogs. 
3s 

From the Chesapeake Bay southward along the 

Atlantic coast and Gulf coast are found the best developed 

salt marshes in the United States. 
Q, 

At the southern limit, 

these marshes grade into mangrove swamps of south Florida. 

Even though these marshes have similar characteristics, some 

variation by region can be recognized (Cooper 1969). 

Brackish sounds located behind the outer 

banks of North Carolina south to Cape Lookout are fringed 

with irregularly flooded marshes. The low tidal influence of 

the sounds limits the growth of smooth cordgrass to a fringe 

along water courses. At an elevation just above mean high 

water, dense stands of black rush are found, In other areas 

saltmeadow cordgrass develops behind the smooth cordgrass 

usually at slightly higher elevations than the black rush 

(Cooper 1969). 

From Cdpe Lookout south to Jacksonville, 
\ 

Flor Ida, occur some of the best developed salt marshes in 

Jhe United States. The characteristic feature of these 

marshes is the vast expanses of smooth cordgrass rcoted in 

soft gray sediments. Again, elevation differences result in 

zonation of plant communities. There is an area along the 

creek banks, exposed at low tide, which is devoid of higher 

vegetation. Above this zone from about mean high tide to 

the crest of the levee is a zone of optimum growth for smooth 
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cordgrass. Here a tall form of the grass grows, often 

reaching two m in height. Along the top of the levee, medium 

smooth cordgrass between one and two m is found. Away from 

the creeks a short form of smooth cordgrass grows. At higher 

elevation the smooth cordgrass is often mixed with glasswort 

seashore salt grass and sea-lavender. At slightly higher 

elevations, patches of pure stands of black rush are found. 

Above this zone is often found saltmeadow cordgrass (Teal 

1962). 

The most abundant herbivorous insect in the 

salt marsh is the salt marsh grasshopper, which feeds directly 

on living smooth cordgrass. Detritus feeders include three 

species of fiddler crabs, ribbed mussels, and salt marsh 

periwinkles as well as many annelid worms, oligochaetes, and 

insect larvae. These are preyed upon by the abundant mud 

crabs, clapper rails, and raccoons (Teal 1962). 

c. Open-water habitat, Charleston and Savannah 

Districts. No intensive study was made of open-water habitats 

for the South Atlantic Region. Submergent plants, such as 

pondweed and water milfoil, are to be expected in the zone 

which is shallow enough for light to penetrate to the bottom 

but deep enough that floating-leaved plants, such as water- 

lilies, cannot grow and shade them out. In even more shallow 

zones, emergent plants such as cattails and arrowheads can be 

found. 
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98. Alternatives. The alternatives described below 

represent options available to Districts in the South Atlantic 

Region. General methodologies to successfully attain desired 

habitats and biotic components are presented. A biologist 

and/or soils engineer should be at each site during habitat 

enhancement activities to refine the methodologies. 

99. The target species should be defined, its habitat 

requirements identified, and suitable vegetative cover, food 

and water resources, and living space provided. Once these 

requirements have been met, active habitat management must 

often be continued to control population levels and ecological 

succession. The advice of biologists in the region was sought 

concerning valuable wildlife species. 

a. Upland habitat. The following game and fur- 

bearing animals can benefit most from habitat development on 

upland portions of disposal areas: 

Page 

Mourning dove Cl 

Woodcock C6 

Bobwhite c9 

Turkey Cl4 

Canada goose C25 

White-tailed deer Cl9 

Eastern cottontail c22 

See the above-listed pages for general habitat requirements 

and management. 
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In order to provide suitable upland habitats 

for the target species, certain manipulations may be neces- 

sary. Compartmentalizing or partitioning sites and rotating 

disposal locations within sites should be considered for 

habitat beyond the earliest successional stages (see experi- 

mental format'for MRGO and Savannah test areas as examples). 

In large confined disposal areas, particularly where disposal 

is frequent, mounds can be created which are at an elevation 

above the disposed dredged material. These will serve as 

seed sources to speed establishment of vegetation after 

disposal. 

Once the dredged material is relatively dry, 

physical characteristics should be determined. Soil pH near 

neutrality is desirable; application of lime will be needed 

if the soil is acidic. In more brackish or marine disposal 

sites where organic mud and silt predominate, liming helps 

prevent a dense layer of clay from forming just beneath the 

ground surface (Gosselink et al. 1972). Gold (1971) described 

some problems encountered with excesses in zinc in disposal 

materials, which can be compensated for with proper chemical 

treatment. If pollutants are a possible constituent of the 

dredged material, tests should be performed to confirm their 

presence or absence. Attention should be given to insure 

that desired vegetation will not take up toxic materials from 

buried soil and render them available for fauna1 consumption. 

Periodic checks for pollutants in vegetation should be under- 

taken where this event is a likelihood. 
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After the site has been properly prepared, 

the area :an be seeded or sprigged with herbs and grasses, or 

planted with tree seedlings or shrubs, although vegetation 

may volunteer if sufficient natural seed sources are available 

in the vicinity. At this point the site,may be left unper- 

turbed to undergo natural succession to the desired stage. 

b. Halophytic and freshwater wetland habitat. 

The following game animals may specifically benefit by en- 

hancement schemes on wetland areas of dredged material 

disposal sites: 

Canada goose 

Mallard 

Black duck 

Wood duck 

Muskrat 

Page 

C25 

C27 

c29 

c31 

c33 

Many species of waterfowl would find the 

developed habitat suitable. Those mentioned above have had 

substantial information generated in the literature concerning 

their management and are representative of this group of game 

animals. Halophytic wetlands will require a tidal flux and 

may require seeding with appropriate species. High marsh 

habitats could be created by use of low dikes (to allow spring 

tidal influence) and/or allowance of tidal flux by opening 

flood gates in the confinement. 
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Freshwater wetlands may be established in 

fresh or brackish water environments (see Savannah test area). 

Techniques for this include partitioning disposal areas to 

allow fine suspended sediments to settle and water to stand 

in shallow depths. A confinement which is to become a fresh- 

water marsh may require flushing with rainwater to reduce 

salinity where sediment contains salt ions. To allow marsh 

succession to proceed satisfactorily in disposal sites which 

are frequently used, compartmentalization will be necessary 

to prevent successional retardation. Wetlands in freshwater 

areas would require less flushing. Stocking the site with 

desired fur-bearers, forage plants, and waterfowl such as 

commercially available mallards could be done. Vegetation 

removal through use of herbicides and water-level management 

may be necessary to maximize waterfowl use. Fur-bearers may 

also require management through trapping. Studies should be 

made to determine best population levels for fur-bearers and 

to maximize the waterfowl carrying capacity. 

C. Open-water habitat. Open-water habitats may 

be created on confined disposal sites by varying the eleva- 

tion of the area and/or dikes and by lining the depressed 

areas with relatively impermeable materials. Adequate water 

supply may be obtained from rainfall, diversion of a portion 

of a nearby water course, or pumping. 

A channel catfish, largemouth bass, and 

bluegill community is easily established by using proper 
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stocking techniques in a shallow water body. 

The water body should consist of shallow 

areas approximately one m in depth, and at least one deep 

area of about three m. At least 10 percent of the bottom 

substrate, sand or gravel, in the shallow areas should provide 

a firm base for largemouth bass nesting (Curtis 1949, Simon 

1951). Channel catfish require protected nest sites. Arti- 

ficial nest materials that have been commonly used are nail 

kegs r metal milk or cream cans, and crockery jars (Stickney 

1970). Bluegill are less restricted in their spawning habits 

and can nest on various substrates including mud (Calhoun 

1966). The introduction of aquatic vegetation would provide 

a food source and cover for prey organisms. However, channel 

catfish seldom live in dense aquatic vegetation (Trautman 
! 

1957, Marzolf 1957). Predaceous insects may reduce survival 

of the catfish fry in such habitats. Additional cover con- 

sisting of boulders, sunken logs, or other debris would 

provide additional protection as well as increased surface 

area for algal production (Reid 1961). 

Stocking of largemouth bass at the rate of 

100 fry/acre and bluegill at 500 to 1000 fry/acre was 

recommended by Regier (1963), while Finnel and Jenkins (1954) 

suggested 50 channel catfish fry per acre. Assistance with 

stocking is given by many state fisheries departments when 

public access is available to such waters. 
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After Initial stocking, periodic examination 

and the application of maintenance procedures may be required. 

This community can become imbalanced with disproportionate 

ratios between fish populations. Methods to correct this 

situation include the stocking of additional fish of the 

depleted populations and the selected elimination of the 

over-abundant species (Calhoun 1966). 

The presence of pollutants in the water and 

sediments is undesirable as toxic conditions may arise or 

pollutants may enter the food chain. Covering the sediments 

with an impermeable layer should isolate them from the 

biological community. Since plant roots may penetrate to the 

polluted level, vegetation should be periodically examined to 

determine if uptake is occurring. 

d. Other habitat. The best goals for habitat 

enhancement for other species in this area include shorebird 

feeding areas and American avocet, tern, black skimmer, 

black-necked stilt, and wading bird nesting areas. 

The development of nesting habitat for 

colonial bird species is often difficult to attain since hab- 

itats are often dependent on nearby suitable feeding grounds 

and on the absence of human and tidal intrusion. Feeding 

habitat development, on the other hand, is relatively easy 

to obtain. 

Nesting habitat requ!-res that adequate 

feeding grounds be nearby1 human intrueion be at a minimum 
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during and just prior to nesting seasons: and the area be 

close to the coast. Shorebird feeding habitat can be readily 

created by providing a shallow-water-environment. The soil 

composition is relatively unimportant as long as pollution 

is not a problem and sediments will hold water. To discourage 

significant macrophytic vegetation accumulation, water levels 

should be varied over a relatively wide range with use of 

tidal waters or waters from dredged material disposal, and 

burning should be carried out in the winter to kill emergent 

freshwater vegetation. Further refinements to development 

and maintenance of shorebird feeding are discussed on 

page C38. 

Wading bird nesting requirements and manage- 

ment schemes are cited on page C35. Miscellaneous shore- 

bird feeding habitat requirements and habitat de'relopment 

schemes are listed on page C38. Specific target species 

which form nesting colonies include: 

Caspian tern 

Gull-billed tern 

Royal tern 

Least tern 

Gulf Coast Region 

Page 

c47 

C48 

c49 

c51 

100. Constraints. Municipal wastes and industrial 

pollutants which enter the Mieaissippi River, the MRGO, and 



estuaries are potentially harmful to wildlife, especially 

aquatic and wetland species. Chemical and bacterial contam- 

ination should be anticipated wherever dredged water courses 

are used by a significant number of industries and munici- 

palities. Legal constraints are not prominent in the region 

nor is scarcity of disposal sites a severe constraint. 

101. Successional patterns. Discussion of successional 

stages to be expected in the Gulf Coast Region concentrates 

on areas studied during the field phase of this investigation. 

a. Upland habitat, New Orleans District. The 

vegetation type of the New Orleans District is southeastern 

evergreen forest dominated by beech, sweetgum, magnolia, 

pine, and oak (Braun 1950). Floodplain forests are dominated 

by oak, tupelo, and bald cypress. Forests are often modified 

by edaphic and other environmental factors to produce species 

associations other than that given above. 

The herbaceoue stage i~ vegetated principally 

by grasses, broom sedge, goldenrod, aster, and pokeweed. 

Numerous animals including mourning dove, bobwhite, savannah 

sparrow, red-winged blackbird, eastern meadowlark, eastern 

cottontail, and white-footed mouse forage in this highly 

productive area (Martin et al. 1951). 

The herbaceoua stage gradually gives way to 

the shrub stage which is dominated by myrtle, groundeel, 

blackberry, and some herbs from the previous stage. Examples 

of animals that feed on these shrub species are the bobwhite, 
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mourning dove, mockingbird, sparrows, gray catbirds, white- 

tailed deer, white-footed mouse, and eastern cottontails 

(Martin et al. 1951). 

Light-tolerant tree species invade the shrub 

habitat and produce an evergreen stage. The principal veqe- 

tative components are loblolly and long leaf pines, and 

shrubs of the previous stage. Examples of animals which feed 

on seeds of these species are bobwhite, Bachman’s sparrows, 

Carolina chickadees, nuthatches, fox squirrels, and gray 

squirrels. 

Climax forest of oaks and hickories succeeds 

the young hardwoods. Numerous animals, especially game 

species, spend larqe amounts of time in these woods, using 

them for food and shelter. Red-cockaded woodpecker, tufted 

titmouse, brown-headed nuthatch, eastern chipmunk, white- 

footed mouse, fox squirrel, gray squirrel, beaver, and black 

bear are the major consumers of the seeds and bark and 

associated insects of these tree species (Martin et al. 

1951). 

b. Wetland habitat, New Orleans District. The 

vegetation cover of an inland shallow freshwater marsh in 

this region is principally arrowhead, pickerelweed, cattail, 

and smartweed (Shaw and Fredine 1956). These marshes, in 

conjunction with inland deep freshwater marshes, are used as 

feeding and nesting areas by waterfowl (Shaw and Fredine 

1956). Other animals which use the food resources in these 
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areas are white-tailed deer, minks, muskrats, and raccoons 

(Martin et al. 1951), red-eared turtles, chicken turtles, 

water snakes, spring peepers, cricket frogs, and bullfrogs 

(Conant 1958). 

Shrub swamp areas are vegetated mainly by 

swamp privet and bu,ttonbush. These marshes are considered 

less valuable for waterfowl and are used only to a limited 

extent for feeding and nesting (Shaw and Fredine 1956). Other 

animals including white-tailed deer, beaver, raccoon, muskrat, 

and mink use the food materials produced by the plants of the 

shrub swamp. 

Wooded swamps contain waterlolgged soils to 

within an inch of the surface during the growing season and 

are often covered by as much as a foot of water. Cypress, I 
tupelo, gum, and buttonbush make up the major vegetative 

components. As with shrub swamps, the waterfowl usage is low. 

Those animals likely to use wooded swamps Include wood duck, 

woodcock, white-tailed deer, beaver, mink, raccoon, cotton- 

mouth, pig frog, and bullfrog. 

Gulf coast salt marshes have similar plant 

species as found in the South Atlantic marshes1 however, the 

widths of the marsh zones may differ. On the Florida Gulf 

Coast from Cedar Key to Appalachee Bay, black rush is the 

dominant marsh type. From Appalachee Bay westward to 

Pensacola, there is little marsh, with the shore zone 

consisting mainly of open lagoons and estuaries. West of 
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Pensacola to the mouth of the Mississippi River, black rush 

again predominates with some smooth cordgrass development 

along sheltered beaches. The best developed marsh of the 

Gulf coast is near the mouth of the Mississippi River. Here 

smooth cordgrass dominates in regularly flooded saline areas. 

In areas of lower salinity, saltmeadow cordgrass, seashore 

salt grass, and black rush are found. A zone of salt reed- 

grass and common reed often occurs near high ground (Cooper 

1969). Marshes similar to those in Louisiana, also occur in 

eastern Texas. 

The fauna1 components of the South Atlantic 

Gulf coast zones are similar. Because the South Atlantifl 

marshes have been studied in greatest detail, those inhabi- 

tants will be presented here as representative aesemblages 

of both zones. The most abundant herbivorous insect is the 

salt marsh grasshopper, which feeds directly on living smooth 

cordgrass. Detritus feeders include species of fiddler 

crabs, mud crabs, and salt marsh periwinkles, as well as 

many annelid worms, oligochaetes, and insect larvae. These 

are preyed upon by the abundant mud crab and raccoon (Teal 

1962). 

c. Open-water habitat, New Orleans District. 

Submergent plants, such as pondweed and water milfoil, are to 

be expected in the zone of ponds which are shallow enough for 

light to penetrate to the bottom but deep enough that 

floating-leaved plants, such as waterlilies, cannot grow and 
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shade them out. In even more shallow zones, emergent plants 

such as cattails and arrowhead can be found. The fish 

species too may change with succession from populations of 

minnows and bluegill to those dominated by 

bullhead. 

102. Alternatives. The alternatives 

suckers and 

described below 

present options available to Districts in the Gulf Coast 

Region. General methodologies to successfully attain desired 

habitats and biotic components are presented. A biologist 

and/or soils engineer should be at each site during habitat 

erhancement activities to refine the methodologies. 

103. The target species should be defined, its habitat 

requirements identified, and suitable vegetative cover, food 

and water resources, and living space provided. Once these 

requirements have been met, active habitat management must 

often be continued to control population levels and ecological 

succession. The advice of biologists in the region was sought 

concerning valuable wildlife species. 

a. Upland habitat. The fmo!.lowing game and 

fur-bearing .animale can benefit moat from habitat development 

on upland portions of disposal areas: 

Page 

Mourning dove Cl 

Woodcock C6 

Bobwhite c9 

Turkey Cl4 
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Page 

Canada goose C25 

White-tailed deer Cl9 

Eastern cottontail c22 

Swamp rabbit C58 

Marsh rabbit c59 

See the above-listed pages for general habitat requirements 

and management. 

In order to provide the appropriate upland 

habitats for the target species, certain manipulations may 

be necessary. Compartmentalizing or partitioning sites and 

rotating disposal locations within sites should be considered 

for habitat beyond the earliest successional stages (see 

experimental format for MRCO and Savannah test areas as 

examples). In large confined disposal areas, particularly 

where disposal is frequent, mounds can be created which are 

at an elevation above the disposed dredged material. These 

will serve as seed sources to speed establishment of vege- 

tation after disposal. 

Once the dredged material is relatively dry, 

physical characteristics should be determined. Soil pH near 

neutrality is desirable: application of lime will be needed 

if the soil is acidic or possesses a high exchange capacity 

(Gold 1971). In more brackish or marine disposal sites 

where organic mud and silt predominate, liming helps prevent 

a dense layer of clay from forming just beneath the ground 
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surface (Gosselink et al. 1372). Nutrient enhancement by 

fertilization may be required. Soil drainage characteristics 

may need to be modified according to desired habitat. If 

pollutants are a possible constituent of the dredged material, 

tests should be performed to confirm their presence or 

absence. Attention should be paid to insure that desired 

vegetation will not take up toxic materials from buried soil 

and render them available for fauna1 consumption. Periodic 

checks for pollutants in vegetation should be undertaken 

where this event is a likelihood. 

After the site has been properly prepared, 

the area can be seeded or sprigged with herbs and grasses, or 

vegetation may volunteer if sufficient natural seed sources 

are available in the vicinity. At this point the site may 

be left unperturbed to undergo natural succession to the 

desired stage. Any perturbation to the system such as mowing, 

burning, and further disposal of dredged material would 

arrest or lengthen the successional process. 

b. Halophytic and freshwater wetland habitat. 

The following game animals may specifically benefit by 

enhancement schemes on wetland areas of dredged material 

disposal sites: 

Canada goose 

Mallard 

Black duck 

Page 

C25 

C27 

c29 
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Page 

Shoveler C66 

Wood duck c31 

Muskrat c33 

Many species of waterfowl would find the 

developed habitat suitable. Those mentioned above have had 

substantial information generated in the literature con- 

cerning their management and are representative of this group 

of game animals. 

Halophytic wetlands will require a tidal 

flux and may require seeding with appropriate species. High 

marsh habitats could be created by use of low dikes (to allow 

spring tidal influence) and/or exposure to tidal flux by 

opening small holes in the confinement. 

Freshwater wetlands may be established in 

presently freshwater or brackish water environments (see 

Savannah test area for details, page 172). Techniques for 

this include partitioning disposal areas to allow settling of 

suspended sediments, and creating depressions and soil char- 

acteristics to allow water to pond. A confinement which is 

to become a freshwater marsh may require flushing with 

rainwater to reduce salinity where sediment contains salt 

ions. To allow marsh succession to proceed to the desired 

stage in disposal sites which are frequently used, compart- 

mentalization will be necessary to prevent successional 

retardation. Wetlands in freshwater areas would require 
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less flushing than in saline areas. Stocking the site with 

desired fur-bearers, forage plants, marsh grasses, and 

waterfowl such as commercially available mallards could be 

done. Vegetation removal through use of herbicides and 

water-level management may be necessary to maximize waterfowl 

use. Fur-bearers may also require management. Studies should 

be made to determine best population levels for fur-bearers 

and to maximize the carrying capacity for waterfowl. 

C. Open-water habitat. Open-water habitats may 

be created on confined disposal sites by varying the eleva- 

tion of the area and/or dikes and by lining the depressed 

areas with relatively impermeable substrates. Adequate water 

supply may be obtained from rainfall, diversion of a portion 

of a nearby water course, or pumping. 

A channel catfish, larqemouth bass, and 

bluegill community is easily established by using proper 

stocking techniques in a shallow-water pond. 

The pond should consist of shallow areas one 

m in depth, and at least one deep area of about three m. At 

least 10 percent of the bottom substrate, sand or gravel, in 

the shallow areas should provide a firm base for larqemouth 

bass nesting (Curtis 1949, Simon 1951). Channel catfish 

require protected nest sites. Artificial nest materials that 

have been commonly used are nail kegs, metal milk or cream 

cans, and crockery jars (Stickney 1970). Bluegill are less 

restricted in their spawning habits and can nest on various 
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substrates including mud (Calhoun 1966). The introduction of 

aquatic vegetation would provide a food source and cover for 

prey organisms. However, channel catfish seldom live in 

dense aquatic vegetation (Trautman 1957, Marzolf 1957). 

Predaceous insects may reduce survival of catfish fry in 

such habitats. Additional cover consisting of boulders, 

sunken logs, or other debris would provide additional protec- 

tion as well as increased surface area for algal production 

(Reid 1961). 

Stocking of largemouth bass at the rate of 

100 fry/acre and bluegill at 500 to 1000 fry/acre was 

recommended by Regier (1963), while Finnel and Jenkins (1954) 

suggested 50 channel catfish fry per acre. Assistance with 

stocking is given by many state fisheries departments when 

public access is available to such waters. 

After initial stocking, periodic examination 

and the application of maintenance procedures may be required. 

This community can become imbalanced with disproportionate 

ratios between fish populations. Methods to correct this 

situation include the stocking of additional fish of the 

depleted populations and the selected elimination of the 

over-abundant species (Calhoun 1966). 

The presence of pollutants in the water and 

sediments is undesirable as toxic conditions may arise or 

pollutants may enter the food chain. Covering the sediments 

with an impermeable layer should isolate them from the 
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biological community. Since plant roots may penetrate to the 

polluted level, vegetation should be periodically examined 

to determine if uptake is occurring. 

d. Other habitat. The best goals for habitat 

enhancement in this area include shorebird feeding areas and 

nesting areas for American avocet, terns, black skimmer, 

black-necked stilt, and wading birds. One of the most dif-8 

ficult of habitat-usage goals to attain successfully is 

the creation of nesting habitat for colonial bird species. 

Feeding habitat creation, on the other hand, is relatively 

easy to obtain. Nesting habitat requires that adequate 

feeding grounds be nearby; human intrusion be at a minimum 

during and just prier to nesting seasons; and the area be 

close to the coast. 

Shorebird feeding habitat can be readily 

created by providing a shallow-water environment. The soil 

composition is relatively unimportant as long as pollution is 

not a problem and sediments will hold water. To discourage 

significant macrophytic vegetation accumulation, water levels 
1 

should be varied over a relatively wide range with use of 

tidal waters or waters from dredged material disposal, and 

by burning in the winter to kill emergent freshwater 

vegetation. 

Wetland and terrestrial ecological succession 

should be maintained at its earliest stages for successful 

shorebird feeding habitats. Aquatic succession from an 

-154- 



oligotrophic to eutrophic state can be allowed to proceed 

unimpeded up to the point where emergent macrophytic vege- 

tation such as cattails, reeds, sedges, and rushes begin 

significant development. 

Habitats for threatened species are best 

developed in areas that are away from human interference and 

that possess optimum feeding and nesting conditions. Many 

areas along waterways in the Gulf Region are relatively 

remote and provide adequate feeding habitat for the osprey 

(page C60). However, there is often an absence of trees 

near the waterways which are suitable for nesting. Artificial 

nesting structures can be constructed '(page C60). 

Wading bird nesting and food requirements 

and management schemes are cited on page C35. Miscel- 

laneous shorebird feeding habitats, food requirements, and 

habitat creation schemes are listed on page C38. 

Specific target species which form nesting colonies include: 

Page 

Gull-billed tern C48 

Royal 

Least 

Pacific Coast Region 

tern 

tern 

c49 

c51 

104. Constraints. Pollution levels of waters and 

sediments of Coos Bay and estuaries should be considered in 

designing viable wildlife enhancement alternatives. Municipal 
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waste and industrial pollutants entering the bay, rivers, and 

estuaries are potentially harmful to wildlife, particularly 

aquatic and wetland species. The problems are most acute in 

impoundments where leachates of sediments can accumulate. As 

water quality is improved through better treatment procedures, 

pollution characteristics of maintenance dredged materials 

should similariy improve. However, initial dredging may still 

mix and disturb polluted sediments which were buried prior to 

water-quality improvements. Legal constraints in this region 

besides the EPA criteria are few. 

105. Successional patterns. The discussion of succes- 

sional patterns to be expected in the Pacific Region con- 

centrates on the central portion of the Pacific coastal area 

where these studies were undertaken. 

a. Upland habitats, Portland District. The 

coastal portion of the Portland District is in a vegetation 

zone dominated by sitka spruce, western hemlock, western 

red cedar, douglas fir, and grand fir (Franklin and Dyrness 

1973). This climax is often modified by edaphic and other 

environmental factors to produce a situation dominated by 

species other than evergreens. 

The herbaceous successional stage is domi- 

nated by grasses and forbs, such as Italian rye grass, 

velvet gracs, sedges, and clover. Fringillids and ring- 

necked pheasant are examples of species using this habitat 

(Martin el al. 1951). Htrbitats vegetated with herbs 
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succeed into brush or shrub habitats including chaparral 

broom and dogwoods. This brush or shrub stage then succeeds 

toward the climax evergreen state. 

b. Wetland habitat, Portland District. The 

vegetation cover of shallow freshwater marshes in this region 

is made up principally of pondweed, widgeon grass, and smart- 

weed. Waterfowl make considerable use of such habitats. 

Shrub swamps are vegetated by willows. They 

are considered less valuable then herbaceous-dominated marshes 

for waterfowl nesting (Shaw and Fredine 1956). Medium-sized 

mammals such as opossum and raccoon, however, will use the 

food materials produced by plants of the shrub swamp. 

Wooded wetland areas dominated by western 

hemlock, red alder, and willow represent mature wetland 

successional stages (Shaw and Fredine 1956). Wood ducks nest 

in such areas, as well as warblers, woodpeckers, and a variety 

of small mammals and other birds. 

There are few salt marshes along the Pacific 

coast of the United States. Most are located in small embay- 

ments where rivers have deposited sediments. The marshes 

which exist in southern California exhibit zonation in similar 

fashion to those of the east coast. Mud flats are located 

between the water's edge and a narrow 'zone of California 

cordgrass. Above the cordgrass zone is a large zone of 

glasewort and saltwort. Landward of this zone is an area 

still dominated by glasswort mixed with many other species 
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including jaumea, salt grass, . . . and frankenia (Cooper 1969). 

Marshes to the north in San Francisco Bay are similar but 

lack saltwort. Along the Washington and Oregon coasts, there 

is little marsh development, and that present has been little 

studied. 

106. Alternatives. The alternatives described below 

represent options available to Districts in the Pacific Coast 

Region. General methodologies to successfully attain desired 

habitats and biotic components are presented. A geologist 

and/or soils engineer should be at each site during habitat 

enhancement activities to refine the methodologies. 

107. The target species should be defined, its habitat 

requirements identified, and suitable vegetative cover, 

food and water resources, and living space provided. Once 

these requirements have been met, active habitat management 

must be continued to control population levels and ecological 

succession. In order to select target species, the advice 

of biologists in the region was sought concerning valuable 

wildlife species. Their auggeetions along with the feasi- 

bility of appropriate habitat preparation for the species 

were considered in the final aelsctione., 

a. Upland habitat. The following upland game 

and fur-bearing animals can benefit most from habitat 

development on upland portions of disposal areast 
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Page 

Common snipe C61 

Ruffed grouse c3 

Pintail C65 

American wigeon C64 

Black-tailed deer C62 

Brush rabbit C63 

See the above-listed pages for general habitat requirements 

and management. 

In order to provide the appropriate upland 

habitats for the target species, certain manipulations may be 

necessary. Compartmentalizing or partitioning sites and 

rotating disposal locations within sites should be considered 

for habitat beyond the earliest successional stages (see 

experimental format for Grassy Island, MRGO, and Savannah test 

areas as examples). In large confined disposal areas, 

particularly where disposal is frequent, mounds can be created 

which are at an elevation above the disposed dredged material. 

These will serve as seed sources to speed establishment of 

vegetation after disposal. 

Once the dredged material is relatively dry, 

physical characteristics should be determined. Soil pH near 

neutrality is desirable! application of lime will he needed 

if the soil is acidic or possesses a high exchange capacity 

(Gold 1971). In more brackish or marine disposal sites where 
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organic mud and silt predominate, liming helps prevent a 

dense layer of clay from forming just beneath the ground 

surface (Gosselink et al. 1972). Nutrient enhancement by 

fertilization may be required. Soil drainage characteristics 

may need to be modified according to desired habitat. In 

addition if pollutants are a possible constituent of the 

dredged material, tests should be performed to confirm their 

presence or absence. Attention should be paid to ensure that 

desired vegetation will not take up toxic materials from 

buried soil and render them available for fauna1 consumption. 

Periodic checks for pollutants in vegetation should be under- 

taken where this event is a likelihood. 

After the site has been properly prepared, 

the area can be seeded or sprigged with herbs and grasses or 

planted with tree seedlings or shrubs although vegetation 

may volunteer if sufficient natural seed sources are available 

in the vicinity. At this point the site may be left unper- 

turbed to undergo natural succession to the desired stage or 

planting of corn, millet, or other agricultural crops will 

enhance the site for those species preferring early succes- 

sional habitats, and it will help prepare the soil for 

natural vegetation to develop. 

b. Freshwater wetland habitats. The following 

game animals may specifically benefit by enhancement schemes 

on dredged material disposal sites: 
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Page 

Pintail C65' 

American wigeon C64' 

Mallard C27 

A multitude of waterfowl would probably use 

habitat generated for these species. Those mentioned above 

have had substantial information published concerning their 

management and are representative of this group of game 

animals. 

Halophytic wetlands will require a tidal 

flux and may require seeding with appropriate species. High 

marsh habitats could be created by use of low dikes to allow 

spring tide influence and/or allowance of tidal flux by open- 

ing floodgates in the confinement dikes. 

Freshwater wetlands may be established in 

presently freshwater or brackish water environments (see 

Savannah test area, and Coos Bay, Upper Island, pages 172 and 

178, for details). These techniques involve partitioning 

disposal areas to allow settling of suspended sediments and 

creating depressions and soil characteristics to allow water 

to stand in shallow depths. A confinement which is to become 
i 

a freshwater wetland /nay require flushing with rainwater to 
I 

reduce salinity where'sediment contains salt ions. To allow 

marsh succession to proceed satisfactorily in disposal sites 

which are frequently used, compartmentalization will be 
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necessary to prevent successional retardation. Wetlands in 

freshwater areas would require less flushing. Stocking the 

site with desired waterfowl such as mallard could be done, 

Vegetation removal through herbicide usage and water-level 

management may be necessary to maximize waterfowl use. 

Fur-bearers may also require management. 

C. Other habitat. Shorebirds and wading birds 

are nongame species which will benefit by providing shallow- 

water environments for feeding. The bottom aediments are 

relatively unimportant as long as pollution is not a problem 

and they will hold water. To discourage macrophytic vegetation 

accumulation, water levels should be varied over a relatively 

wide range with use of tidal waters and waters from dredged 

material disposal or by burning in the winter to kill 

emergent vegetation. 
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PART I’,’ : POTENTIAL TEST SITES 

Objectives 

108. The proposed test procedure and selection of repre- 

sentative sites or alternatives were designed to gain the 

maximum amount of test information that would be applicable 

on a regional basis. Additionally sites were chosen which 

were large enough to allow several manipulative operations to 

be tested. 

Site Selection 

109. The five sites chosen for experimental habitat 

manipulation are: 

Grassy Island - Great Lakes Region 

Pedricktown-Penns Grove - North Atlantic Region 

No. 2 Savannah - South Atlantic Region 

Station 41 (MRGO) - Gulf Coast Region 

Upper Island, Coos Bay - Pacific Coast Region 

110. An evaluation of 13 factors (Table 3) served as a 

tool in site selection. Judgement of the biologist most 

familiar with site conditions was used in ranking the 13 

factors on a scale of 1 to 3, 3 being optimum. No weighting 

of the subjectively assigned ranks occurred until final 

selection between sites, when the summation of the ranks was 

equal or nearly equal. This meant that some sites, in the 

Great Lakes Region for example, with nearly equal sums in the 
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ranking, could not be clearly signaled out as optimum test 

areas. The final selection was made with cognizance of the 

field study results. 

Constraints 

111. A major constraint is the necessity of accommodat- 

ing wildlife management techniques around current disposal 

practices. Aquaculture was not considered a feasible alter- 

native for the confined sites reviewed during this study. 

The intensive control procedures necessary for successful 

aquaculture and the anticipated water quality and pollutant 

problems were the major reasons this alternative was aban- 

doned. The temporal framework of the proposed experimental 

program prevents development of certain habitats such as 

mature or even immature wooded stands. 

112. Disposal of dredged material on Grassy Island is 

by privilege of the City of Wyandotte, Michigan, which claims 

riparian rights to the island. The Corps does not expect to 

use the site for disposal after the next three years. At 

that time the Island will revert to the City which has tenta- 

tive recreational plans for it (Mr. D. Billmeyer, Personal 

Communication). The economic constraints of initiating the 

proposed alternatives for Grassy Island would be the con- 

struction of internal dikes and spillways as shown in Figure 

15. These cost estimates would be on the order of $8,000 to 

$10,000 and include mainly mobilization, use of a dragline 

and bulldozer, and supervisory labor. 
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113. The Federal Government has free title to the 

Pedricktown-Penns Grove site (Figure 21). Therefore, the 

only constraints to development involve applicable standards 

for water quality. To date, no opposition has been made to 

the Corps disposal operations at the site (Mr. H. Griffith, 

Personal Communication). No economic costs of major pro- 

portions would be incurred from implementing the proposed 

enhancement alternatives. 

114. The Corps has perpetual easements for several 

tracts of the No. 2 Savannah site (Figure 26). Other tracts 

of the site are owned privately or by the State of Georgia. 

In all cases, the duration of easements now in effec-t extends 

beyond the next three years. One form of constraint to 

development of this site involves the local mosquito control 

collrmission which now requires the Corps to keep the site 

covered with water (Mr. W. Clarkson, Personal Cummunication). 

Estimated economic costs, a possible constraint to developing 

the proposed alternatives for No. 2 Savannah, should be on 

the order of $25,000 to $27,000. Equipment such as a dragline 

and bulldozer, control gates, and labor are the major cost 

items. 

115. Station 41 along the MRGO (Figure 35) has no 

constraints regarding ownership. The MRGO is a relatively 

new channel (1963) and the Board of Commissioners of the 

Port of New Orleans still has jurisdiction of the land. 

The only constraint in operations Is that the disposal area 
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has to be diked and the surface water returned via ditches 

to the MRGO (Mr. C. J. Nettles, Personal Communication). 

Economic costs, perhaps on the order of $10,000 to $12,000, 

would be involved for development of Station 41 alternatives. 

The Port Authority of Coos Bay, Oregon, furnishes the right 

for dredged material desposal on the Upper Island of Coos 

Bay (Figure 41). The State of Oregon excercises ownership to 

the Upper Island. The Corps plans new disposal on the island 

no later than 1977; plans for use of the site after that are 

indefinite (Mr. A. Heinan, Personal Communication). The 

economic costs of implementing tne proposed habitat enhance- 

ment of the Upper Island site should be on the order of 

$SOOO to $7000. 

116. Construction of all of the proposed alternatives 

for the five sites requires more detailed engineering than 

presented in this report. On-going studies by the WES on 

the stability and construction of dredged material disposal 

dikes should provide these details. Reference is aleo made to 

Garbe 1974 in which a new technique for dredged materials 

dewatering and reclamation is described. 

Enhancement Schemes 

Great Lakes Region - Grassy Island 

117. Grassy Island in the Detroit District is proposed 

as a test site to determine the feasibility of enhancing and 

developing upland habitats, wetlands, and open-water 
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condirions. Target species will include waterfowl in the wet- 

lands and open-water areas and cottontail and ring-necked 

pheasant in the upland habitats. Management schemes for these 

species are presented in Appendix C. 

1119. Approximately an eight-acre area for upland habitat 

is suggested. The optimum sediment type would be free-draining 

silty sand to sand. An eight-acre wetland habitat is also 

proposed in which water depths would be 0.2 to 0.5 m and ,- 
desired sediment would be a silty clay to silt. An open-water 

area with water depth from 0.5 to 1.0 m is also proposed. 

Polluted sediments should be covered if tests reveal that this 

is necessary. Establishment of appropriate floral species 

such as cattail and rice cutgrass will be necessary, although 

cattails will not need introduction since they currently 

occupy small portions of the site. 

119. To accomplish these goals, Grassy Island will be 

diked (Fig. 15). Upland area 11 will be filled with dredged 

material (presumably silty sand) to a completed level, 

followed by filling of upland area 12. While upland area 

112 is being filled, #I will be undergoing succession and will 

provide a vegetative colonizing source for area #2 upon final 

disposal. 

120. Sediment-laden water bearing finer particles will 

pass into the wetlands and open water (area #3). The more 

elevated portions of this section will develop into wetland 

conditions. Deeper waters will prevail in the general vicinity 
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of the outlet spillway. Finer sediments will drop from sus- 

pension in an area between spillways A and B and the outlet 

spillway serving as substrate for wetland plant species. The 

area north of areas #I and #2 will not be included in the 

test program. 

North Atlantic Region - Pedricktown-Penns Grove 

121. Experiments within the Philadelphia District at 

the Pedricktown-Penn6 Grove site (Figure 21) will involve 

replacement of common reed with upland vegetation which will 

succeed toward more mature stages. Initial exper Lnentation 

will define the most satisfactory means of quickly arresting 

common reed stands. 

122. Three test strips 762 m long by 45.6 .n wide are 

proposed on this site. Herbicide appl!ication (Hl), controlled 

burning (B), trampling by vehicles (T), and harvesting by hand 

or vehicle (H2) would be done in randomly selected plots with- 

in each strip. Three experimental areas of each of the above 

stresses and three control plots (C) would be included in 

each strip. The randomized experimental design of strips and 

plots is indicated on Figure 21. Teat area #l would have 

these stresses applied once a year, #2 twice a year, and 43 

three times rl year. 

123. Professional support for herbicide application would 

be obtained. Dalapon, glyphoeate, and Amatrol have been 

teeted for their effectiveness against common reed. Dalapon 
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has produced good results (Mr. D. D. Riemer and D. Basslar, 

Personal Communication). Application of stresses will take 

place at times in which the effects would be maximized. 

Common reed reinvasion will be monitored on a tri-weekly basis 

during the growing season. When control is certain, the soil 

will be tested for agricultural potential and treated to ob- 

tain proper nutrient and chemical properties. In order to 

prevent soil erosion, maintain friability, and add nitrogen, 

planting of wheat, legumes, and grasses will occur. This 

will speed colonization by other vegetation. 

124. The agricultural crops and grasses would not be 

maintained. Subsequent indigenous colonizers should be 

monitored in terms of species, value to upland wildlife, and 

rate and extent of colonization. If succession continues 

satisfactorily during the first two years, various indigenous 

trees would be transplanted. These trees should include those 

associated with young hardwood forests, such as aspens and 

ashes. Caution must be taken to plant trees which tolerate 

transplantation or artificial seeding well. The vitality of 

trees would be monitored in terms of leaf appearance. Soil 

tests should be run in areas where any trees fail to persist. 

Nutrient or mineral deficiencies should be satisfied through ' 

routine roil amendments. 

South Atlantic Region - No. 2 Savannah ----.- 

125. Enhancement goals at the No. 2 Savannah test area 

(Savannah District) includer 
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.'ii i i tl1111' tc:l II .11\ti sklmmel nestlnq habitat 

Freshwater marsh 

Shorebirds feeding and nesting area 

Upland habitat. 

126. Figure 26 shows the proposed dikes and enhancement 

goals for each compartment. The coarsest particles from&the 

dredged material will settle in area 14. The finer grained 

material will settle out in the freehwater marsh (area X2 and 

13). The water which is relatively sediment free will pass 

out flood gates A and 8. During this process flood gates D, 

G, and I will be shut. 

127. The freshwater marsh areas will be handled in two 

ways. Area I2 will fill with rain water. Area #3 will fill 

with rain water, gate C will be opened, and this area flushed. 

Area 13 will then refill with rain water. Such treatment will 

allow evaluation of the effects of residual salt content in 

area #2. 

128. The marsh compartments must be undisturbed by 

frequent disposal operations, but the tern colony area needs 

this dieturbance to maintain a barren habitat. Overflow water 

and sediment could either go through gate G, and then through 

gate D if water is needed in the shorebird feeding area or be 

discharged through gate I if such water input is not needed. 

129. The tern and skimmer nesting colony area ahould be . 

about 40 acres in size with fintr to coarse sand. High vertical 
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permeability coefficients are required to prevent ponding. 

Only minimal vegetation can be permitted. Sand mounds one 

to two m high with relatively level crests should be provided 

to maximize potential for nesting (Dr. L. B. Davenport, Per- 

sonal Communication). Steeply sloped surface conditions 

(2 horizontal to 1 vertical) are poorly suited for egg sta- 

bility in the nest. During the breeding season, predator 

control may be required. 

130. A freshwater marsh about 25 acres in size divided 

into two equal parts will be developed. As mentioned earlier, 

one part will be flushed with fresh water and the other not. 

Standing water of no more than one ppt salinity and approxi- 

mately 0.8 m in depth will be needed. Chemical analysis 

data (Table 21, however, show high chloride levels for parts 

of No. 2 Savannah. Monthly salinity checks of each confine- 

ment should be taken. On-site meteorological data should be 

taken including precipitation, evaporation rates, temperature, 

and humidity. These data will help identify the role rain- 

water will play in establishing the surface water character- 

istice. To maintain water levels, fine-grained sediments 

with low vertical permeability coefficients (10 cm/aec) aa 

found at the east end of the secondary transect on No. 2 

Savannah would be required. Once these conditions are met, 

cattails can be used as the colonizers. 

i3i. A 40-acre feeding and nesting area for shorebirds, 

specifically the black-necked stilt and American avocet, is 
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proposed. The habitat structure will be a shallow pond of 

brackish water (lo-20 ppt) with an average depth of 0.3 m. 

Sediments should consist of a sandy silt. Mounds 0.3 to 1.0 

m above water level and 10 to 12 m in area should be placed 

at several locations about the compartment. These mounds act 

as nesting sites for the stilt and roosting areas for shore- 

birds (Dr. L. B. Davenport, Personal Communication). Dikes 

should be constructed to allow flooding by highest spring 

tides which will function to introduce prey species into thd 

compartment. A management regime for predators similar to 

that used for the tern and skimmer colony should be 

implemented during the breeding season. 

132. An upland habitat of approximately 20 acres (area 

15) is proposed. The area will need a mixture or layering 

of silt and sand to retard drainage, yet not cause ponding. 

Dredged material test data (Table 2) show a need to neutralize 

the basic pH to 7 or 8. Nutrient and topographic modifica- 

tions will need to be included in this experimental regime. 

133. The effects of two parameters on colonization rate 

and composition will be tested in this habitat. The para- 

meters are slope and nutrient levels. Half the area will be 

leveled and half left with the elope obtained from disposal. 

Each area will be divided into test sections for treatment 

at different levels of nutrient application. For purposes 

of statistical evaluation, at leaat three areas of each 

application or control should be randomized in the 
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n}Jc!I 1rllerltdL LdyUUt. Soil analyses and productivity l,ar-vests 

should be made to monitor the status of each area. 

134. The intent of upland section studies is to evaluate 

the potential for accelerating succession on the many small 

disposal mounds which exist along this portion of the Savannah 

River and along the Atlantic Intra-coastal Waterway. As shown 

from the Oyster Bed Island soil Analyses (Table 2) attempts 

to lower the pH to a point near neutrality, to increase the 

nitrogen levels, and to lower the chloride levels will likely 

be necessary in parts of the experimentation. The amounts 

of and chemicals to be applied would be determined after the 

disposal operation. As vegetation develops, estimates of 

net annual primary productivity and ground cover should be 

made. Soil characteristics in control areas should be 

determined in detail on an annual basis. Thue vegetation 

species composition can be evaluated in terms of the different 

experimental regimes and compared to similar existing 

communities on control sites. These can then be compared 

with existing disposal areas, such as Oyster Bed Island and 

other areas near No. 2 Savannah. 

Gulf Coast Region - Station 41 of the MRGO 

135. The enhancement goals for the MRGO site in the New 

Orleans District include: 

osprey nesting and roosting stations 

bobwhite game-release habitat 
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mourning dcve feeding and nesting habitat 

swamp rabbit habitat. 

136. Osprey nesting and roosting stations would be con- 

structed at locations at least 30 m apart within the site 

(J. C. Ogden, Personal Communication). These stations are 

platforms on a 5 to 6 m pole in an open space with a com- 

manding view of the general area. The platform is circular 

(2 to 2.5 m diameter,) and has 10 cm vertical dowlings 

surrounding the platform edge. Sticks and twigs should be 

placed in the platform to encourage nesting. Structures 

similar to this have proven highly successful in the Great 

Lakes area (S. Poatupalsky, Personal Communication). 

137. Compartment #I will be filled to create a IO-acre 

bobwhite game release area (Figure 35). Soybeans would be 

planted after chemical tests are performed and nutrient 

deficiencies corrected. Shrubs and pines would be estab- 

lished in several portions of this agricultural habitat to 

provide fall and winter food and cover. The agricultural and 

shrub interspersion described for the bobwhite will also be 

suitable for the mourning dove feeding and nesting. 

138. Section #2 of the test confinement will be filled 

with sediment-laden water allowed to enter through a control 

gate from the main portion of the disposal area. This area 

of fine-grained sediments will be managed for swamp rabbit 

(1,ppendix C). Grasses and sedges will be planted and rabbits 

r,cocked if necessary. 
I 
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Pacific Coast Region - Upper Island of Coos Bay 

139. In the Portland District, the Upper Coos Bay was 

selected for development of and acceleration of upland 

succession rates. Near the middle of the island, two five- 
.%, 

acre ponds (confined) with an average depth of 0.5 to 1.0 m 

are proposed. The specific location of the ponds is not 

indicated in Figure 41 since many low lying locations are 

feasible. The remaining scheme and needs would resemble that 

of the freshwater marsh proposed on the No. 2 Savannah site. 

Colonizer sources would originate from nearby freshwater 

marsh habitats. A ten-acre plot for upland habitat develop- 

ment and successional acceleration would be constructed on 

the highest portion of the island. A scheme similar to that 

of the upland habitat at No. 2 Savannah would be used. 

Agricultural crops important to wildlife such as corn and 

millet should be planted after spring flooding periods. 

140. Roosting habitat for bald eagles, osprey, purple 

martins, and great blue and green herons would be established. 

This can be accomplished by the placement snags and poles on 

the site. At present few lookout points are available in the 

area. Snags and poles will be used as artificial roosting 

sitee. The osprey may also find them suitable for nesting. 
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PART V: COSTS AND BENEFITS OF ALTERNATIVES 

Environmental and Economic Costs 

141. The environmental costs incurred from disposal of 

dredged material and development of proposed alternatives are 

the loss of vegetation and wildlife habit,at from unplanned 

sequences of disposal. Of the 15 sites observed during the 

field studies for this report, only Drum Island had planned 

disposal operations to mitigate loss of vegetation. Dredged 

material covers the herbaceous ground cover of a portion of 

any site during disposal operations, resulting in environ- 

mental costs. The depth and contaminant characteristics of 

dredrled material dictate the recovery of perennial vegetation. 

Sllrubs and trees are usually not disturbed by disposal opera- 

tions, unless there are markedly different chemical character- 

istics in the dredged material or they are not tolerant of 

standing water. 

142. The economic costs of proposed alternatives to dis- 

posal which are aimed at development or enhancement of habitat 

were presented in Part IV. These costs varied from about 

$5,000 to $27,000. The major expenses included equipment and 

labor to construct internal dikes and control flood gates. 

These costs would be incurred only once, but periodic dike 

maintenance and subsequent raising of the dike heights to 

accommodate settlement or additional material WOUIA increase 

costs. No estimate of such costs was made. Management of 
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developed habitats will require salaries ,for District 

biologists and support labor. A speculative figure for such 

expenses would be on the order of $25,000 per year for the 

five test sites. 

Benefits of ProDosed Alternatives 

143. Enhancement of dredged material disposal sites to 

reestablish some natural resources is most desirable. The 

remainder of this section describes potential benefits 

derived from multiple use of dredged material. Comparisons 

are made between the enhanced value of studied disposal sites 

and present habitats. 

Refuge Areas 

144. Habitat for shorebirds and waterfowl is becoming 

increasingly scarce. Wetlands and tidelands are preferred 

habitats for many of these species. The Environmental 

Protection Agency and many states have formally described 

these habitats as valuable natural resources and as such they 

should be carefully protected and monitored. Similarly, 

upland game species require refuge areas where protection is 

afforded and food production can be augmented. Use of disposal 

areas for waterfowl management has been contemplated in South 

Carolina. The costs of management and loss of productivity 

through repeated disposal have inhibited action in this area 

(Mr. W. Brock Conrad, Jr., Personal Communication). 
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New Breeding and Feeding Grounds 

145. Dredged material disposal areas are providing sig- 

nificant feeding and breeding habitat for threatened and rare 

species and for valuable game and non-game animals. Downing 

(1973) noted that less than 20 percent of least tern and black 

skimmer colonies from New Jersey to Mississippi were on nat- 

ural beaches and dunes. Eighty percent were on man-made 

habitats, usually dredged material sites. Locally rare 

species such as the black-necked stilt and avocet in Georgia 

and South Carolina have benefited from dredged material dis- 

posal sites in terms of nesting and feeding (Dr. L. B. D,aven- 

port, Personal Communication). Gull-billed terns have success- 

fully used such sites for nesting. The MRGO sites, No. 2 

Savannah, and Drum Island were noted during our studies as 

feeding areas for raQtors, particularly marsh hawks. 

146. Non-game wildlife such as passerines, small and 

medium-sized mammals, raptors, and fish and other aquatic 

life can benefit from biologically productive habitats. For 

example, wooded acreage is declining in most areas of the 

country. With this habitat loss is a loss in numbers of 

many associated species, including thrushes, warblers, wood- 

peckers, and nuthatches. 

Establishment of Mature Habitats 

147. Mature habitats require considerable lengtha of 

time to develop and "stabilize". Forests often take upwards 
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of 200 years to mature. The general trend today is toward the 

more immature habitats. One regional planning emphasis should 

be to reestablish mature environments. One way would be to 

allow disposal sites to mature unimpeded after the final dis- 

posal operation. Regional and site diversity would be en- 

hanced by permitting this event. The Riverside site (Detroit 

District) is an excellent demonstration of how a disposal 

site can increase regional habitat diversity and augment a 

resource. High altitude color photography taken by NASA 

(scale 1 :120,000) of the Toledo, Ohio area shows remarkably 

little wooded stands within a several hundred square mile 

area surrounding this site. Although the deciduous vegeta- 

tion on the site is still immature, it already represents 

an almost unique habitat to the region. Mature habitats are 

more protective of their environments and are inherently more 

stable than immature systems. Tennessee Chute woods, for 

example, which are mature, are more persistent than the less 

mature habitats subjected to the same disposal regimes. 

Their persistence is gained from stronger structural features, 

and photosynthesis machinery above the disposal material. 

Increased Habitat Diversity 

148. The significance of diversity has been previously 

discussed. Other examples of regional diversity created by 

disposal of dredged material include Oyster Bed Island and 
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No. 2 Savannah. Each of these areas provides nesting habitat 

suitable for several tern species, skimmers, and black-necked 

stilts. Appropriate habitats for these species are rare from 

the middle coast of South Carolina south to St. Augustine, 

Florida. 

149. An increase in diversity within a disposal site will 

accommodate an increased number of species, some of which will 

use only one habitat and others which may nest in one and 

feed in another, such as the mourning dove. 
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Legend To Species Encountered Along Vegetation Transects 

Common Name 

Alder 

Alligator weed 

Arrow-wood 

Ash 

Aspen 

Aster 

Avens 

Beach grass 

Beard grass 

Birdsfoot trefoil 

Blackberry 

Black rush 

Box elder 

Buffalo burr 

Bulrush 

Butterfly-bush 

Cactus 

Canada fleabane 

Chaparral broom 

Clover 

Scientific Name Symbol 

Alnus rugosa 

Alternanthera phiZoxeroide8 

Vibirnum dentatum 

Fraxinus sp. 

Pop1.42~8 tremu loides 

Aster Sp. 

Geum sp. 

Ammophi la arena&a 

Andropogon glomera tua 

Lotue corniculatus 

Rubus sp. 

JunCu8 roemarianus 

Acer negundo 

Sotanum z-08 tra turn 

Scirpue sp. 

BuddZe ja davidi 

Opuntia sp. 

Conysa canadsnsis 

Baoaharis pilulsris / 

TrifoZium sp. 

-Indicates that a species was not dominant at any station of 
the vegetation transect, and aa such they were not symboliz- 
ed in the illustration. 
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Common Name Scientific Name 

Coast alkali grass Puccinellia pratense 

Cocklebur Xanthium sp. 

coca Scirpus robustus 

Common elder Sambucus canadensis 

Common groundsel Senecio vulgaris 

Common horsetail Equisetum arvense 

Cottonwood PopuZus deltoides 

Crabgrass Digitaria sp. 

Curly dock Rumex crispus 

Dodder Cuscuta indecora 

Dogfennel Eupatorium capiZZifoZium 

Early hair grass Aira praecox 

Eastern baccharis Baccharis haZimifoZia 

English plantain PZantago Zanceolata 

Glasswort Saticornia bigelovii 

Glasswort S. tiirginica 

Golden aster ChPy8Op8i8 sp. 

Goldenrod Sotidago sp. 

Gumweed Grindetia iqcegrifolia 

Honeysuckle Lonioera sp. 

Italian rye grass Lotium multiflorum 

Svmbol 

- 

- 

Jerusalem-cherry Sotunum peeudo-oapsioum 

John foxtail Setaria magna 
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Common Name 

Legume 

Loblolly pine 

Mar itime peavine 

Marsh aster 

Marsh elder 

Olney's threesquare 

Panic grass 

Pearly-everlasting 

Pig weed 

Rabbitfoot polypogon 

Ragwort 

Red clover 

Red maple 

Red mulberry 

Reed 

Reed canary grass 

Rush 

Salt-marsh aster 

Saltmarsh bulrush 

Scientific Name 

Family :Leguminosae 

Pinus taedo 

Lathyrus japonicus 

Aster tenui folius 

iva fru tescens 

Scirpus olneyi 

Panicum sp. 

Anaphalis margaritacea 

Amaranthus sp. 

Polypogon monspeZiensi8 

Senecio glabel lu8 

TrifoZium pratense 

Acer rubrum 

Morus rubra 

Phragmites communis 

Pha laris arundinacea 

Juncus sp. 

A8 ter exi zis a 
Lythrum Zineare 

Saitmeadow cord grass Spartina p.atens 

Saltwort Batis maritima 

Scot's broom CljS ti8U8 scoparius 

Sea ox-eye Borrichia frutescens 
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Common Name 

Sea rocket 

Seashore lupine 

Seashore salt grass 

Seaside goldenro'd 

Sedge 

Smart weed 

Smooth cord grass 

Solanum 

Solanum 

Sorrel 

Spiny-leaved sow 
thistle 

Spotted cat's-ear 

St. Augustine grass 

Sugarberry 

Sumac 

Sweet gum 

Sweet vernal grass 

Sycamore 

Tearthumb 

Thistle 

Tropical cattail 

Umbrella sedge 

Unknown composite 

Unknown grass 

Scientific Name 

CakiZe edentula 

Lupinus littoralis 

Distichlis spicata 

Solidago mexicana 

Cares Sp. 

Polygonum SP. 

Spartina a Zternif lora 

Solarium americanum 

s. sp. 

Rumex acetosella 

Sonchus asper 

Hypochoeris radicata 

Stenotaphrum secundatum 

CeZtia Zaevigata 

Rirus SP. 

Liquidambar styracifzua 

Anthoxanthum odoratum 

Platanus occidentalis 

Polygonurn sagittatum 

Cirsium SP. 

Typha domingensis 

Cyperus strigosus 
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Lesend to Species (concluded) 

Common Name -- 

Clnknown #l 

Unknown #2 

Velvet grass 

Water-hemlock 

Watson's willow herb 

White clover 

White sweet clover 

Wild carrot 

Willow 

Yarrow 

Yellow sandverbena 

Yucca 

Scientific Name Symbol 

- 

HoZcus lanatus 

Cicuta curtissii 

Epilobium watsonii 

1'rifoZium repens 

Melilotus dba 

Daucus carota 

Salix sp. 

AchiZlea miZlefoZium 

Abronilz ZatifoZia 

Yucca sp. 

+ 
III 

- 
$ 
? 

BRAUN-BLANQUET SCALE OF COVER AND ABUNDANCE . 
(Phillips 1959, p.34) 

+ Sparsely or very sparsely present, cover very small. 

1. Plentiful but of small cover value. 

2. Very numerous, or covering at least l/20 of the area, 

3. Any number of individuals covering l/4 to l/2 the area. 

4. Any number of individuals covering l/2 to 3/4 the area. 

5. Covering more than 3/4 of the area. 
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Appendix B 

Field Checklist Form 



PROJECT: U. S. Army Waterways Experiment CONTRACT: DACW39-74- 
Station c-0033 

Review and Examination of Dis- 
posal Area Filling Techniques JOB NO: 9486- - 
and Rates to Identify Non- 
conflicting Wildlife Enhance- 
ment Alternatives 

TIME AND DATES OF INSPECTION: 

Field Personnel: (Name) 

Contact Officer: (Name) 

Site Name: 
\ 

I. PHYSICAL CHARACTERISTICS OF SITE: (Name) 

Location (state, district, quadrangle, coordinates, miles 
and directions of nearest town) 

Surrounding Area (i. e., 1 to 2 miles) 

1. Topography (rolling, flat, steep) 

2. Elevation relief (MSL) (7.5 min Topography Sheet) 

3. Sources of fill (nearhy gravel and sand pits, or 
other) 

4. Surface water drainage and quality (i.e., EPA classi- 
fication) 

On site (Take color photographs of site and draw schematic 
showing roads, access and discharge points.) 

1. Site description (i.e., maximum, minimum elevation): 

Bl 



2. Existing man-made structures (i.e., dikes, borrow 
ditches) 

3. History of stability of structures and land subsidence 
of areas (i.e., failed dikes, wave erosion, flooding 
history): 

4. E.xisting surface water drainaqe (direction of flow, 
estimate of quantity - cfs - in ditches, streams 
irrigation systems, tidal fluctuations): 

5. Access to site (type of roads and size; water, rail 
or barge access): 

6. Estimated total depth (feet): 

7. How long has area been used: (years, months) 

8. Dimensions of site (acreage): 

9. Estimated economic value of land ($/acre based on 
surrounding land cost) and ownership: 

10. Qualitative assessment of water in areas of dredging 
(source, i.e., paper.pulp discharge area, sewage 
disposal area): 

11. Depth of frost(average): 
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11. DREDGING OPERATIONS (maintenance dredging) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Type of dredge (i.e., suction, cutterhead, dustpan, 
clamshell): 

Capacity of dredge (cuyd or cfs): 

Frequency of operation (annual, biannual, other): 

Duration of operation per site (i.e., 6-day week/24 
day and average number of working days per time of 
year): 

Total quantities of dredged material placed per 
operation (cuyd or cfs): 

Number of discharge locations to site: 

Maximum length of discharge lines (feet): 

Legal and economic constraints (i.e., local or federal 
legislation, wetlands acts, and acquisitions; construc- 
tion on existing disposal areas): 
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ill. DREDGED MATERIAL CHARACTERISTICS 

Disposal Site 

1. On-site Profile: 

a. 

b. 

C. 

d. 

e. 

f. 

Soil classification/particle size (i.e., qualita- 
tive description): 

Estimate of permeability (qualitative estimate, 
i.e., high, low, impermeable and basis for 
estimate): 

Compressibility (i.e., high, low): 

Estimate of in-situ density (pcf): 

Estimate of density during transportation to site 
(pcf): 

Estimate of density after deposition (pcf): 

2. Surface Drainage of Area Between Deposition Periods 
(yes or no and explain): 

3. Chemical Characteristics: 

a. Oxidized (smell): 

b. Contaminates (soluble, i.e., inquire with local 
Water Quality Control Board): 

C. Organic content (i.e., wood fibers): 
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4. Segregation along biological transect within material 
after discharge (i.e., silt pockets): 

5. Comparison of past to present dredged material charac- 
teristics (i.e., past more organic than present, 
particle size different): 
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VEGETATION TRANSECT DATA SHEET 

Observer 

Site Name 

Date 

--- 

Origin point of primary transect 

Compass heading of primary transect 

Compass heading of secondary transect 

Location of secondary transect along 
primary transect 

. 
General appearance of site and surrounding environs’ 

1 Comment on soil appearance, elevation of dike and 
disposal area, location of any standing water, general 
characterization of area, vegetation, i.e., scrubby 
layer or trees etc., fauna1 signs such as scat, tracks, 
or direct observation. Also indicate proximity of 
various veget,ative habitats (colonization sources to 
the site such as woods, marshlands, etc.); approximate 
heights of vegetation. 
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AFvmDIx c 

TAEEr SPECIES 



1.k )\iL II IiIy LD.w ( Zerta~d.3 tMcrcxr:3) 

A. Food Preferences 

1. raegianal preference (highest preference attcpof list; Mrtin et 

al. 1951): 

NorthAtlantic 

Bristlegrass 
Corn 
kiwat 
Buckhat 

%x&h Athntic GreatIakes 

Pigheed 
Cbm 

Bristlegrass 
splrge 
Wheat 

SunflcRazr 

2. SeedsandotherplantmaterialscanstitutepracticdllylOO% 

of their &et throughout the year Wartin et al. 1951). 

?heElarrningDovel.ivesinmanykir&ofhabitatfrunfarmhnds, 

-, ~,oxhardsanda.ridareas.w2&yplantsare 

1964). 

pruvide~~rbestirqandfeedinghabitat. IncreatingthehabitatkR 

Rzlativelydry soil also af&tianed for agriculture is ideal forpro- 

ducing the Wxiredplantgrowth. Crcplar-&forfe&ingsha&Ibeasub 

stantial ammtof thehabitatwithopen fields,kdgerws, woodlats, and 

w2&maryinsasadjaazntnesting-. 

cl 



a. References are given in Literature Cited. 

Stocking is not necessary since the bkxrning Dove is a migratcxy 

species. When the desired habitat is rmzt the species will i&mbit the 

area. There is probably nc ne& to locally regulate their nmbers due 

to the wide-ranging nature of this species. 

The mnagemznt of the Wxxning Dove .is primarily the control of the 

hunting hamest. Strictattenticm sbuld be given to cont.m,l tie bmest 

in gmeral areas (-ter 1954). 
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Ruffed Grouse (Fmasa m&llus) 

A. Food Preferences 

1. Adults - ahrxtentirelyvegetablematterwith small armunts of 

msects in the sumr. 

2. Young - large quantities of insect lanrae, beetles, flies, spiders 

and ants (SO - 75percenti.n firstmnth, 10 -15 per-tin 2nd) 

(titer 1954). 

3. Rqimal Preferences (Highest preference at tcp of list: 

Martin et al. 1951, and E;orschagen 1966): 

NorthAtlantic F&gim 
Northeast 

Winter 
Virginia 

Wvlter 

-pen 
Clovar 
Hazelnut 
Birch 
Greetirier 
Sumac 
Grape 
Apple 
Hawthorn 

-aF"- 
Greerlbrier 
wintergreen 
Mt. laurel 
sheepsorrel 
~SytoeS 
Blueberry 
I-Iazdnut 

G+ La+ Feg+xl 
chi~MlSsour1 Wlsaxlsin 
i3iii&r 

-rier 
Hazelnut 
ClOW?X 

Sl.RllX 

Witch-hazel 

Bittersweet 

B. Habitat Requirerrrents 

Productivehabitat forgrcusewouldaxkain an interspersimofthe 

SeasonofUse F+urtials tsrved - 

(@en land - farm fields; !hnmr;samin Enhancesvalueof 
roads; Ktnmtain meadows; springandfall tijacent cover; 
bareland;lIUshes. dustingarLismning. 

Brushyareas-overgmwn sun- and fall: BroodaYver; fall 
fields; slashings, alder SaTe in spring feeding;sumrtr 
runs; aspfL?n-pin cherry feedinganddusting, 
bums sam spring and 

winterfeeding 
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B. Habitat Requirements (continued) 

seasonof use 

Elaxwodwoodlands- Spring, mr, and 
~achianha&wo&s; fall 
northern hadads; old 
aspen-pin cherry bums; 
wstern haJamxb 

Mixzdwoodlands- Au year 
variety accoxdingto 
carbinatimof~ 
and conifer species 

coniferousFRxdlands- 
variety according to 
predaninantspecies 
of amifers 

winter; sax in 
spring and fall 

C. Population Densities 

Fknctiqm served 

Nesting; fall and 
winterfeeding 

Generalfefzdingand 
shelter cove-r, excep1 
for sumer 

winter shelter: 
escapemverand 
storm shelter 

Sanahat cyclic, mxirmxninspzingofaboutlbinl/8 acres to 

lbird/22 acres in south-centralNewYork(Fhinster1954). 

D. Mana~tTecbniques 

Creaticnof anuplandhabitat (abow thewater table) of primarily 

mist sand loamsoil fmdredgedisposal site canbe acamplishedwith 

plantings or thmugh natural sucmssion. Plantings cculd inclule 

(Mnster 1954): 

1. Developing shrub borders by planting multiflora rose, silky 

dogmcd,crabapple, autumolive,baykrxy,tartarianhmeysu&le, 

etc. Thiscould~~e~by~inglar~3erspeciesappraximately 

4ft.apartandsmallercnesabout2to3feetapart. 

2. Establi~gsndllareasofa3niferssuchaswhite,redandscotch 

pine;Nonmy,redandwlCtespmce. 
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Mditicmalhabitatmna~ttechniques include: 

1. Exclusicm of grazing frunm habitats 

2. Selective cutting for sustained yield or srmll block or strip 

clear-cuts in a rotation, with the clear-cuts being particularly 

inpo-rtant in providing first clearings and later a shrub stage. 

StandsofaspencanbeIMintainedbymaintainingalOor20year 

cuttirg cycle (Berner and Gysel 1969). 

3. Border cutting of -lands (25-30 ft.) adjoining cropland 

Wlminster 1954). 

lke area shouldbe allowedtogmwtodesired statebefore the grmse 

is stocked or irrportea frannearbyhabitats. Population ccmtrolcan be 

achie~thrcughlimitedhunting;~ingopenseascnsofgood~~. 

&en,hmever, rather liberal hunting is allcwable. 

Cakrolof succession in the shnibareasmaybe achievedbyhand 

applying herbicides in specific areas or rmxhanicdl remval. The rmrxm 

strips of grasslands should be pericdically mmed or burned c'k>;-.Cg the 

late sum-w on a rotating sdedule to antrol succession (Mminster 1954). 
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woodaxk (Phil&la minor) 

A. FoodPreferences -- 

Max-tin et al. 1951 , 

1. An&i1 mtter - 90 percent: 2/3 ofthatbeingearthom, the 

rest being beetles, caterpillars and grasshaFper8. 

2. Plantmatter - 10 percent; bristlegmss, blackberq, panicgrass, 

sedges, etc. 

B. Habitat rlEquimmt8 

1. Spring 

a. Open-grassy for coutshipandbmeding,withopenings 

of l/4 acre in size being adeqwiti (tiscinsky no date). 

b.Bmhycove.rausemd-grudh hadmdsfornesting, 

modngafx¶feedingwithalder8ndaspenbei.ngpref~ 

speciea~(Rhi..nster 1954). 

2. sumler 

a. Coveramasabcn+th3theeaneasinspring 

b. Whenaxeagetstoodq-nrayn,rmtowttarhabitata 

(almg streame, sprbg seelpe, e tc . )  (Edminster 1954) l 

3. Fall 

Duringmigrati~~forfoOaspdresting~,alderthidreta 

alaq atrem preferred (EEhirmter 1954). 

4. Wintar 

streums,swmrpe~mnraheeof lsoutbm et&as bordered with 

~~~(gums,~t~~oakeMdmaplea),gine)aK>lla, 

rioe fields, etc.(EctminswI 1954). 

C6 



C. Population Densities 

J!kbinster 1954 

1. Spring 

a. Pennsylvania - 9.5/100 a. 

b. Maryland - 3/lOO a. 

C. Wisamsin - 3-3.6/100 a. 

d. Massachusetts - 4/100 a. 

2. Fall 

Pennsylvania 20/40/100 a. 

3. winter 

South1/2to2bhds/acreinwinteringa.reas 

D. Man~tWques 

Increatingthehabitat,werecmmnd the area should be above the 

watertableandha~alowlandpartiallydrainedand~uplandwelldrained 

-. ThMoilscanvmysam3whatfmlc1aytosandy1oams. sandysoils 

ahouldbeavoidedsincetheyarethe least favorable forprcdwtimof 

earthwom, the iacdccck's mjor focd. Hi~yacidic soils are also 

detrimntal for earthwomproductim (Liscinsky nodate). 

Wmdccckhabitats includeearlysuccessiaml stages ofplantaxn- 

nwnities. Asuitablehabitatcanbepropagatedbyinitialplantingof 

sam3portials of the site. Planting a grmp of scrubs will senm as a 

nucleus fruntich athicketwillfom. It is notnecessaxytoplant 

extensive areas or to followa set pattern of axrangemnt. Alder is the 

m&beneficial andeasilypmpzqatedof the shrubs preferxedbyWcdcoc.k 

(Liscinsky no date) . Alder covers can& established in theluwland 

areasbyplantingseedlFngstodcandbydire~sowingofseeds. Upland 

areaF3f3hmldbeplantedwithaspen. Aspenis relatively intolerant to 
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shade and must have practically full sunlight to reproduce (Liscinsky no date). 

Ifahardwood forestislocatedcx the site a stripbetween the-s 

andlmlard shrubs shouldbe clearcutto rejuvenate the habitat into a 

seaxd grwth which is preferred by Woodcock. 

Of primary axxem is to maintain suitable habitat that will provide 

smallclearings far courtshipandbreeding,andadjacentareas of-. 

'Ibis canbe achievedby (Liscinsky nodate): 

1. Planting - in area8 without suitable ~SUChElSbOttcmlands 

nearstrearrrs~areasadjacentt~~and~s,shruhssuch 

asalder,grayandsilkydogwood,hawthom,etc.cuuldbeplanted 

tomakethe sitemxe attractive toWcock. 

2.Cutm- usingsmallclearcuts,releasecuttings andthinnings 

to rejuvenate and maintain the habitat. 

3. spraying -useofhexbicides suchas asolutionof2, 4, S-rl)and 

fueloilon freshlycutstmps toretard sprouting. 

4. Grazing- m&rate use of 30 grazing days/acre may hpxuve habitat. 

SiIUXthel%odCO& is andgratorybixd,thereisno feasiblewayto 

introduoearincreasepopilaticnlfnrelsbymethodssucfiasstoddng. Ihe 

presenceofsuitableWwdoockhabitat willbethen-dnfactorrespamible 

forinitiatingor increasingtheuseof aspecificarea. HtkJetFer,due to 

itabehaviorandrestrictedhabitat ~~,the~~canbe 

f3ubjected to -sting (Liscinslq no date). 
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Bczdmhite (colinus virginianus) 

A. Fbod Preferences 

1. Adults are essentially seed eaters, tile yuung require an aln-ost 

exclusive diet of beetles, grasshqpers, crickets, caterpillars, 

etc. (Martin et al. 1951). 

2. I&gimal Preferences (Highest preference at top of list: Martin 

et al. 1951): 

NorthAth-kic SouthAtlantic Great Lakes 

corn 

Bristlegrass 
meat 

Ieqedeza 

z- 
Partridge-pea 
-Pea 
ww-d 
PilY2 
Milk-pea 

B. Habitat Ikqukmnts 

?hecarryingcapacityofBcbwhitewillbehi~withgreaterinter- 

spersion of the follwing cmer types: 

(See Table Cl) 

C. PopulatimDensities (Fall) 

1. 1 bird / 3 acres - optimum in SOUtheaSt (e-d.Mt= 1954) 

2. uptolbi.rd/acre - ais (Ellis et al. 1969) 

The F3ohhiteis aspecieshose activity is closely associhtedwith 

of cocller cum together OzcImhster 1954). Wise land-use of agricultural 

areascando~toenhancethecarryingcapacityfor~te. %e 

follming chart cmmstrates the variety and best area size of the different 
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cover types. 

(See Table C2) 

In creating the habitat= recxmrend; 1) the habitat should be above 

the water table and mderate to well drained; 2) relatively dry loam soil 

wmldbe best suited fordevelmtof grasslands, crop fields, and scrub 

aTeas. 

Forest areas shouldbe controlledbymtatingcuttingof smallblocks 

atapproxima tely 5 year intervals; this practice shouldbe cmsistentwith 

reammr&tims for the irfp roWm?ntandharvlestofwoalprcducts. other 

alternatives are strip-cuttingandsp3t-lmberingofsmllgmups ofmature 

trees as they reachharvestable si-;e. Respmutingofcuttrees shouldbe 

cukrolled with herbicides (Edminster 1954). Croplands should receive 

fertilizerandalsoberatatedtoinsurethearrPuntas~llasthequdlity 

OftkfOOd. Cuttinggraincrqshightoleave asmchstubble as possible 

will keep organic mtter cm the field surface (Fdminste~ 1954). maqe- 

mntstudies in Illinois~~darrxlstratedthataprograanofprescribed 

budngtiinduce gmthofshade-into1erant$rba03cU3 plants and share 

crupping (leaving 25 percent of the cmps for wildlife) have greatly 

i-named the quail matim. (Ellis et al. 1969). Cutting of hay and 

grassland8 shouldbedoneaslate as possible topreventdestructimof 

nests inthese fieldsduringearlymmmr. Brushyareasandhed~ 

shmldbe ccntrolledby applyingherbicidesbyhti in selective areas. 

Toestablish~itean~areas,itwouldbebesttoreleasewild 

birds capturedmnearby areas, releasing15 to20birds tcgether inhigh 

quality cover. (Edminster 1954). Gtocking of game farm quail has proven 

to be unsuaxssful in most cases with 0Mminste.r 1354): 
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a. Stocking failing to increase existing populations 

b. Fewstockedbirds survivingtothe fall hunting seasm fran 

latesmm~rstocking 

C. Birds released in the spring rarely breeding that year or 

surviving to the fall 

d. Native quailpopilaticns doingbetterwithoutadditimal 

stocked birds 

Pqxilatimsmybe controlledbyhuntingortrapping. Hunting of 

quailinnortheastern stiitesismuchlesspqxllarthan in southeastern 

united states. In the northeast regim quail populations can fluctuate 

duetoadditialal stresses oftheenvi rcmat ard a kill of 20 percent to 

30percentofthequailinyearsofscarcitymi~tretardrecavery 

o!klIninster 1954). Before hunting is open the density of quail should be 

at least 15/100 acres Edminster 1954) l 
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Tuxkq (Meleagris gallopam) 

A. FoodPreference 

1. MJ.ks (-ter 1954) 

Fall & Winter - 60% of diet - mast (oaks, beech, pine) 

15 - 20% fruit (m ardwildgrape) 

spring & sm- 20%mast baJcs) 

15% fruit (huckleberry, blueberry) 

30% green seeds (grasses) 

GraSshopperS 

2.Young- mnsumemreinsects,succulentgreens&fruits 

o3clmhster 1954) 

3. Regional foodpreference 

NorthAtlantic 

Wildgrape 
-leberry 
Blueberry 
B- 
Cherries 
FEX-II 
clubmosses 

B. Habitat Requirmts 

S~~thAtlantic 
(Viryinia-Georqia) coastal v&xdlad 

Wildgrape 
Greenbrier 
Blueberry 
Mtckleberry 
Blackgun 

Productivehabitatwould~~carbinatianaflistedcovertypes, 

in minrinm area of lO,OOO-20,000 acres, particularly havixq small openings 

interspersed at intervals of 1 mile or less CMminster 1954). 
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CWER!IYPE sliasa OF USE l!uNciTmsERvED 

N-ting, feeding, 
roosting, brmd- 
raising. 

Hzdwcd Forest 
NoJAhe.rnhBottan 
lard-, 
AFpaJ-achian-ozar 
-, RocJqkMt. 
-.ShrUbS 
of understary used. 

MixedForest-Northem 
Cmifersandha&nals, 
HardPineSCAppalachian 
-, Bottanland 
Pines and EEocky Mt. 
oxlifers Inixd with 
-. 

ConifemusForest 
NorthemCmifers, 
HardPines,Buttcmland 
Pines and Rnclq Mt. 
Conifers. Mature 
stands best. 

\ 
FarestOpcmings-Fm 
cropf1elds,Grasslands 
and-. 

Spring & Fall, 
less in winter 
andslmner 

All year - but Protective sYeltex 
1eastinsmTwr roosting, feeding 
goodfoodand nesting, brood- 
shelt.XZ raising. 

MOStlJSdin. protective shelter, 
winter, least m,ti 
in-. feediq. 
Usedallyear 
inFac.kies 

Mostly in sulmler, Feeding,hmc& 
1eastinwinter raising,dustiq, 

c. PaplLatian Densities 

ttbmwbat cyclic, max.imminfall+ter,overmhti.qrange, average 

densitylbi.&/500acres. Chlzestpotionsof habitat, 2-8 biAs/sq. 

mile (Ehinster 1954). 

wateravailable instreams, sprirqhadso.r~swaWs. mistsar@ 

loam is the best soil for the requiredvegetation. Plantings, establishiq 

arangeamsistingof 50-7O%oakhardwod, 15-30% cxmiferals forest and 
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15-20% grasslad in alternate sndl units, or natural succession can be 

used ticreateappropriate habitatfrun the spoil site. 

Habitatmanagfmznttechniques include (Ekktinster 1954): 

1. Prwisicmof cpenareasbygroup-selection cutting: leaving 

slashingsof half acreormre, rotate solmqrdewcd 

prod~tsobtdnedonrecutting-25yrs.nkinun. spacing 

l/10 mile apart. Patch-burningtoslashsuggestedto~ 

germinationofbluebmyandhucklebtmyinareasbetmm 

grasslands. 

2.~trolledgraz~,limitedtoareaan3.bynurmbers~the~- 

t.ionthattherangewnsuFport. 

3.Hamestingof foresttreesonsustaind-yield schedule. Ekuld 

be1orlu-term,snalltit-peryear rotationofcutG.ngs;~o- 

vidiq for interspersionof age classeswithsufficientmature 

standsoftrees. 

chcethedesixedhabitatisachieved,theareashuuldbesWckedto 

an a~pmpriate pplidon size. Flocksof20bixdsaresuggestedti 

zitaevesucoessfulbreeding. Annual censusing-berrradebyre- 

rrrarkirrg ~i~~copltrol.l~~tingand trappi.ng (mSter1954). 
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Kirq-necked Pheasant (Phasianus CdchicUS) 

A. FocdPreferenazs 

Mults areessentially sedeaters,while the ymng require an 

a.lrmst exclusive diet of insects during their first few weeks 

oaninster 1954). 

Rzgiamlpreferences (highestpreference at tq of list) 

Martin et al. 1951): 

North Atlantic 
(ext. NY.) 

Greatlakes North Pacific 

Bristlegrass 
Russian thistle 
Dan&dim 

B. Habitatkquimmmts 

!lIlree types of coverarerequizdz cropland, grassland, a?dwocdy 

or rank-grahng herbacems vegetatim (titer 1954). CrOplands 

a3xnecessaryforfeedinggraxds,whilegrassladsmdthicketsare 

usedasIlestdgareas. Sown mall-grain fields and corn fields are 

intzmittentlypreferred fornestingorroo&ing 0Ia.nsenandprogulske 

1973). 

C. Pqulatim Dfmsities 

Spring (Fdminster 1954) 

1. lbird/3to4acrev(SouthDakota) 

2. lbird/8tolOacres (ScutheasternPennsylvania) 

3. lbird/15to20acres( Connecticut River Valley of Massachusetts) 

Cl7 



D. hJanagc3nent -!kchniques 

Tkhabitatskmldbe above thewater tableandmderstely to 

well drained. The soilbestsuitedfor creating the habitat-d 

be sandyloamespfzcially for crcplands. Areaswhere erosion is a 

problmshouldbeplan~withgrasses and shrubs. 

Plantingof foodpatcks in (corn) lorq andnarm strips ad- 

jacenttogoodshelter- a male, weds or brush patch will increase 

thedensityofpbeasants. These p&&es sbmld be left unharvested. 

Controlof habitatsuccessioncan~ achievedbymowing thegrasslands 

inlate sutmzrandbyharxIa~plyingherbicides in selectA areas. 

Croplandsshouldberotatedtoproducexmxi.mmpruductivity. 

Wbenhabitatsareinthedesiredstate,sto&ingofbirdsn-b3y 

take place. Fteaamhhas~thats~to~easethebreeding 

pqxlationshculdtakeplaceinlateMarch (game-fambirds) (Edminster 

1954). Livetrapp~ofwildbirdsfranaverpopilatedareasisbetter 

for sto&ing thanaregam-faxmbixds, and frequently costless to 

trap#antoraiseorpuzlmse. TrappingsImuldtakeplaceinearly 

winter ozdminster 1954) . 
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Whitetail Deer (Odocoileus virginianus) 

A. Food Prefermoe: - 

Preferred focds have been tinskated to vary greatly for different 

geographical amas due to the greatvariaticm in wgetatim found growing 

in tie various areas and for different seasons (lMminster 1954). 

North Atlantic South Atlantic GreatLakes Great Lakes 

New York 
Winter 

Alabama 
Winter 

Wisamsin 
Winter 

fXi.0 

Year rwnd 

Greenbrier 
Pine 

Fiiiiik 
Panicgrass 

Winterg3333-l 
YeW 
white cedar 
Hemlock 

Wildcrab apple 
corn 
sumac 
Jap. hcneysuckle 
Grasses 
Greenbrier 
Clover 

B. Habitat Fbzqlirements 

-lOWKtiXE?dwoodlands, fo.m3tedges,f3eandgmwthhzmkxds 

ozdans 1959). 

C. Populatim Densities 

1. CarryingCapacities 

High: 1 deer/l0 acres - Mississippi and parts of New York 

IaJ: 1 deer/80 acres - Florida (Taylor 1956). 

2. NorthCarolina -wxyfrun1deer/lOacresti1deer/5Oacms 

clepending al habitat (An-y pers. camunication). 

Creatimofthehabitatsmustbe inanuplti situatim,thus requiring 

appropriate drainage of spoil areas andprocedures to increase elevation if 

necessary. Desiredwakdard shrubvegetation (nmple,aspen, SUTEIC, dog- 

kocd, and oak) exhibit best developxnt on mist, sandy loam soil but will 
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wsist cm drier, roclq soils. This vegetation is best attained through 

natural swxession toamodedstate. When the mods are sufficiently 

develop&,deercanbe stocked in theareaifnotavailable fmnanatural 

SouLrJe . Deercouldalsouse the shn& successiatalstage prior towwds 

~kvelqxmtifotherwoods are situated-. Wocds are I-lecEssaIyasdeer 

denmstrateshelterseekingactivityin respwse to severe wather (Ozoga 

ii Gysel 1972). 

Ingenerdlapr~factorlimitlngdeerdensityinnorthernstatesis 

the carryingcapacityduring thewinterwhichisminly correlated to 

mnmtofavailablebmwse. Severalsivicultural practices can be used to 

iqrovebmwseproductionsuchas: 

1. clearcuttings - should be less than 50 acres in size 

(Nixm et al. 1970). 

2. Partial cuttings and thimings (Taylor 1956). 

3. ~1easecuttsingatorcrlPAnedeairableplantsfrcmovertopping 

vegetation (Taylor 1956). 

4. prescribedburningtoinducebruwse~ and stirmlate 

gravth of h&xceou plants (Dills 1970). 

wild trapped deer can be f3uccessfully used to establish pcpulations 

ofwhimailinunpopulatedareaa. liuntingahouldbeusedasamamgment 

toolinareaswherepoprlationet~ea~tooutgrowthecarryingcapacity. 

Inotharinstanoeshuntingroay~~toberestri~ornotallowledtohelp 

deerhembuilduptosuitablelm3ls. 

OtherManagmwntPractia3sincluder 

1. Michigan 

a. Northempartof state -mintainadensityof 30 deer/aq.nQe. 
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b. southernpartofstate- maintain a deer density atalm enough 

levelthatdamge toagriculturalcmpsis kept to aminimm. 

This density is usually less than 30 deer/sq. mile (Byelid 

PerSo ammmicaticn) . 

2. Louisiana-mmageformvcinm populationdensityonasustained 

yield basis without destructicm of habit. A successful pop&?&ion 

hasbeenestablishedononeareawfieredredgedsandhasbeen 

deposited, with wills (Salix spp.) being the min wcody species 

utilizedby deer (Kidd pers. axrmunication). 

3. Virginia - Density ineasternpartof statekeptatlevels to 

minimize crop damage. Managmentisachievedby restrictingor 

liberalizingdcehunting,withsuccessful redxtionof the following 

~'spapilation~thedoehar\llestcarprises35percentor~re 

ofthetotaldeerharvest(Crosspers.camunicatic#1). 

4. Inareasofintensiveagriculkrralpracticessuchasthemi~t, 

wastegrains shouldbeleftinfieldthroughthewinter,with 

plcwingbeingrestricted to the following spring (Nixm etal. 

1970). 

c21 



Eastern 

A. Food Preferences 

CotIzxkail (Sylvilagus floridanus) 

Regional prefer~31~~ (highest preference at w of list; 

Martin et al. 1951). 

NorthAtlantic 
-cut 

Ekcll.lt%hqWinter 

crabgrass 
Bluegrass 
-crops 
Clover 
Blackberry 
PhIltah 
sheepearjcel 
Panicgrass 
Graybirch 
Fled maple 

Burt (1964) 

GreatLakes 
Ohio 

Year Fanu%l 

what 
Alfalfa 
Clover 

z 
Alsikeclover 

Rye 
Bluegrass 

Michigan 
Winter 

c. PcQulation Densities 

Burt (1964) 

Flutes frcmlralUt/4 acresto sweral/acre. 



apFlicationorbyallowing natural swxession to occur if suitable 

fpcies for seedsto$arepresentnearby. Sawportimsof areas 

sbuldbeallowedti prugresstiashrubstatetopmvidenest 

habitat. Cmeadesirablehabitathaskenattainfxl, rabbits can 

bestockedifmtavailablefrantk --localhabitat. 

The early successional stage (grass, herb) for foraging mst be min- 

taim?dbybulmirgarrfuw~. Thefollowingplanhasbeensuggested 

for habitat mnageinent (Musser 1963): 

1. 

2. 

3. 

4. 

Establish food stripsadjacentto~emws, modland 

bordercuttirqs,etc ., using bluegrass, white clover, 

timthy, etc., during the spring if possible. 

soiltestss.Ixxldbe~tode~~andferti- 

lizerneeds,andp.mper~tsshouldbeapplied. 

clearpartionsofhedgarcrws, wodland borders, etc. to 

ofvegetaticm. 

Brushpileswhich amldbe constructed frunvegetativedebris 

after~in~~cl~~ortrimningofvegetationaredlso 

attractive nest sites. 

Populatims shmldbeomtrolledbyhuntingor trapping. 
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A. FoodPreferences 

Almstafq3letelyplantmatter. 

North Atlantic (Martin etal.1951) 

Clover 
Grasses iz2EY 
Vegetables ne 

B. Habitat Requhmna 

Drywodsandadjacentopenareas;bruQ ravines,rocIqslcpes; 

fields, nuwd roadway borders (cOllinsl959). Dens are found in 

dryareas~ll~the~~~tableandroaybeinopenfieldsorin 

shrub areas(@ers, J.h=s & Moore, personal experience). 

c. r4inagmt~s 

xabitatsforthe~ sbuldbev&llabvethewab.rtable. 

mesoil~bedryandwelldrainedfarsuitablegrcrwthofgrasses 

anb..clover. PlantingofgrassesandclmerbeWeennarrow rcws of 

shrubf3willproduceanideal habitatandfmdigarea formodchub. 

Con~lofmccessionmaybe accn@iskdbymwi.ngsecti~ ofthe 

field at differentintervals duringthegm&qseasm. This creates 

accmtant fcodsupplyticmtrolled swcessionoftheplant~ty. 

Withfavorablehabitatavailable, bmigrant modchxkfrmestab- 

lishedpo@.ationssbuldquicklybeamzestabliskIinnewareas. 

&sear&has sbwnthatmderatehuntingpressurem ahwdchuckpo- 

la~didnotsignificantly~thetitalpopilatian. Increas& 

bkthandsurvivalrates ofywurqwereobservedinareaswherehunting 

occurr&andernigrationwasgreater franareaswhere hunting had 

been restd.cbcl (Davis et al. 1964). 
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Canada Goose 03ranta canadensis) 

A. FoodPreferences 

Generalfoodpreferences: California@e, saffti,wate.rgrass, 

mile, alkali bulrush. 

&giQlal preferen= (Highest preference at tcp Of list: Martin et al- 

1951). 

Atlantic Coast 

CCXdg3XLSS 

widgeongrass 

SPm 
Sea-lettuce 
Naiad 
Glasswort 
Eelgrass 

GulfCmst 

Cordgrass 
saltgrass 
Glassmrt 
Bulrush 
Be.?XdhgrBS 

Naiad 
Matrinuny-vine 

B. HabitatRequkemznts 

stewart and mbbins (1958) 

1. Shall~waterwithaquaticvegetation in tidalbays,estuaries, 

inlandpcndsandlakes. 

2. Inmnyareas, feedsextensivelyinwheat, ryeandcorn fields. 

c. Mana~tTechniques 

Increatingthehabitatwerecmrmnd thehabitatshouldbebelowthe 

water tableandanaveragewaterdepthof 4 feetsbuldbemaintained. Ini- 

tialplantingofcorn,wheatandrye in largeopen flat areas adjacent to 

the aquatic habitatswill attractmigrating geese into the area. Toes- 

plantswillcreatea laqe feedingareaforresidentgeese. Controlof 

applying herbicides and~trolling thewater levels in the aquatic habitat 

(Widjeskog and Ferrigm 1972). 



Artificial nest structures can be used to induce nesting of resident 

geese and increase nesting density (Bishop and Barratt 1970). These 

stnxztures can be constructed fran large used tires 18" and 25" and a 

wirebasketsupportedby four posts. The tire is placed inside the wire 

basket and straw is placed in the tire. These structures are effective 

nests for the Canada Goose. Another effective nest can be mde by txm- 

structingmur&ofearth in thepondsoraquatichabitat. These m3urxk 

should be isolated 2 to 3 feet above the water level, and slightly flat 

on the top. Fast growing plants should be planted around the rmunds to 

initiate nesting. 

Capturing and transplanting native juvenile geese to new areas 

+xile still flightless at an age of 7 to 8 weeks has been successful 

in establishing new populations (Sumendi 1970). A release of game 

farmgeeseonanareawith suitablehabitathas been successful in at 

leastone instance inestablishinganewpapulation (GxeandBarstm 

1969). 

Hunting will control the population after it has been well estab- 

lished in the area. Estimates of thehunting success arrdgeesepopula- 

tion levels sbuld be maintained to mnitor the population. 
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Mallard (hnas platyrhynchos) 

A. Food Preferences 

Highest preference at top of list, (Martin et a1.1351). 

NorthAtlantic 

Wild rioe 

Wild celery 
Wild millet 
Naiad 
corn 
CUtgrass 

South htlantic 

Wild millet 

sp- 

Wild rice 

Pacific 

Bulrush 
Sorghum 
Hornedpmdweed 
Wild millet 
SPikerush 
MUSkg-JXlSS 

corn 
=eF 

B. Habitat I?fxpimts 

Stewart and mbbins 1958 

1. B.medingusuallyalorneartheedgesofpondsorstreamsthat 

are fringed with lmrsh vegetation. 

2. Migratorymdwintering-alltypesof freshwaterandtidal~, 

C. FQpulatiai Densities 

Maryland - 5.3 bmeding pairs/l00 acres (Stewart and Ibbbins1958) 

smarbwd, and sp&erush) should voluntear in the inpmdmmt. High water 

leve~willhanper~luable~tativleeetabli~tandexlcesaivedrainage 

will ermuraga theestablishmntofreedwhichwilldankmte the area&x.! 

make it undesirable to the ducks [widjeskog and Ferrigno1972). k 

waterfowliqmmdmnts, trea~tofmdesirableperennials such as cattail 



and reed with herbicides and controlled water levels has increased the 

arr0unt.s of important fcod plants such as spikerush for waterfml 

(Widjeskog and Ferringno 1972). Mallard will becux established natu- 

rally on the impoundrrent or they txiy be artificially propagated and 

stocked. The presence of corn or grain fields near the impoundrxnt is 

very conducive toduck populations. 

The following techniques can increase breeding sxcess of the ducks: 

1. 

2. 

3. 

4. 

'Ihe useofhand-rearedwild strainMallardhasbeen successkl 

in increasing populationsof nesting ducks onwaterfowlareas. 

However, their ability to sunriveT[ELybelower than that of 

wildbirdsdue toalackofwariness anda tendency to flock 

(S&la&eider and Tester 1972). Breeding density was raised 

frun 12 pairs/square mile in two years (Sellers 1973). 

Artificialnestbaskets havealsobeen used to increase nesting 

densities of Mallard (Bishop and Mrratt 1970). 

Predatorcontrolduring nestingpericds can successfully in- 

crease nesting success of ducks @chranck 1972). 

?z;Le provision of residual nesting ooveradjacenttowaterre- 

suited in a greaterdensityof nesting pairs, andbetter nest- 

ing success than on areas where mswing of cover occurred 

(Jarvis and Harris 1971). 

C28 



and inma- stages of beetles, bugs and drqmflies; 75% of their 

diet is plant food including~d,wildrioe, andoordgrass 

(Martin et al. 1951; Km-might 1942). 

Ik3gionpreferenamof plant food (highestpreferences at the 

top of list). 

Nartbast 

Pal- 
Wild rice 
Z" 

rv 

wild Qlexy 

-t 

B. Habitat Ibquhmmts 

Freshwater andsaltmarshes,paxIs,swanps,andriverswith 

sufficient amu3alment for nesting (I@,rtright 1942). This species 

willnest inavarietyof situatiam anddoesmt semtoprefer 

my partid= mg, prwided it can find sufficient a3xEal.- 

oftbwatishmldbe4feet. TheBlackDuckisfairlydiqersed 
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between m&marshes and freshwabrbbitats. Amajorityofthe 

saltmarshhabitatsforthisspeciesisfolrnd~~theSo\ztheastern 

mite3 states. The rquinmnts for fresbaterhabitats are similar 

toMallardexceptthattheareashouldhavean abur&nceofshruband 

highgrasses for sufficientmncealrrentduringnesting. 

Fmdmzd, smrtwed,axdgrass, andwildrice shculdbeplanted 

for feeding areas. Shrubs suchasalderardImttonbush should be 

adjacenttitheaquatic habi~tsforpossiblenestinglocatiax3. 

Theumbqmthinthe~terrostrialhabitatshouldbeencouraged 

byclearcuttingsmallstripstoindumaaecadgmwth. 

Oxkr0lofsuc0zssian sbitdbe accm@isbdby stripcuttingof 

wmdlots,bndapplicatimofherMcides, andwntrolledburningof 

MtureshrubareaS. 

I-IuntingofBladcDuckQesnotsignificantly~its~ 

~totheabilltyofthisspeciestodetecth~presenoemd 

escape the rcajority of hunters (Kmtright 1942). 

c30 



A. Food Preferences 

Highest regional preference at top of List; Martin et al. 1951 

NorthAtlantic 

Wild rice 
bIdWEEd 
Bur-reed 

SouthAtlanti 

Hickory 
Water-lily 

I%itlM-grasS 

BlackgUm 

Pacific 

PCX-ldWEd 
E!ur-reed 

sedge 
cuw-lily 
Waw-lily 

Nightshade 
Buttercup 

Fallfoodpreferences inSouthCarolina inclu%dwateroak,bald 

cypress, sweetgun and corn McGilvrey 1966). 

B. HabitatRequirements 

IIiLandpooL5ar!dsmSlw3bo*~bywoods~forestswanp;.Nests 

primrilyinnaturalcmitiesinthetrunkorlargebrancksoftrees 

kxtright 1942). 

Inpmdmnts crea~bydikingaresuitable forWoodDuckhabitatif 

focdsourcesareavailableintheiqom&entorin IXighboiing~. If 

properwaterlevels arerminU,water fuvlplants should volwkeer in 

the iIIpm&mt. Highwa~~illhaqervaluablevegetativeestabli~t 

@orkhed,arrartweed,spikerush) andexcessivedrainagewillenamrage 

establishmntofreedwhichwill&ninate theareaandmakeitundesimble 

to the ducks (Widjeskog and Fexrigm 1972). wood Duck populations will 

beca~establishednaturallyortheymaybeestablished -fully by 

artificialpropagatim and&&king. Ifwoodedareas for nesting arenot 

a~ilablenemby,nestingboxes shouldbepruvided toenax~agenestingm 

the site. 
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Nesting boxes have been successfully used to increase the number of 

nesting sites available on a given area (Doty and Q-use 1972). Nesting 

houses providing protection from predators increase breeding pairs of 

ducks (Bellrose et al. 1964). 

wood Dwk populations have beem successfully established by artifi- 

cially propagating and releasing young WA Duck on the area where a 

nesting population of wood Duck was desired (Doty and Kruse 1972). 

Artificial propagation has also been used to imprint young Rod 

Duck to utilize nesting boxes in areas where a wood Duck population 

already existed (Lane et al. 1968). 

Populationscanbeccmtrolledbyhunting. 
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Huskrat (Chdatra2ibethica.s) 

A. FoodPreferences 

(Highestmgional pmfexence at top of list; Martin et al.1951; 

Eelhse 1950) 

Great Lake8 North Atlantic Pacific 
Illinois 

Gulf Louisiana 

cattail cattail 
Pidcerelweed 

BlsXxed 
WC&C-Starwart 

Water-lily 
Amir. lotu8 -d 
EMwillow 

cattails 
Cattail 

Bu?2xEled PLiIlicgrasS 
Wt%tESlily CordgraSS 
Willm Ftllsh 
W-A ~~~ 
Horsetail 

1. 

2. 

3. 

Mlrshea,edge6ofpnde,lakesMd 8tzeuw a88ociated with cattdL3, 

water-lilies, and open water @urt 1964). 

~~ha;rslesaregeoleraUybuiltinwatsroflOto24~ncheein 

Bapth,andmayal8ouvehburrow8 inetreanandpadbanke 

(Ral 1950). 

8authon?~tofooastalfonofthsnaukrat~thsNeu#Ri~, ' 

North CaYmuM (W 1940). 



Studi~haTRShownthatdikedareasofmarshwhere~waterlevelcanbe 

~trolledp~~increasedporzilatian~itiesbycreatingareductian 

of rmxtality. (~mahoe 1966). 

IntheNorthast,drainingthe~ forashort tim toalluwreed to 

beazm established would create a VZY successful situatim form&rat 

houses. Hmever, reed is ofpwrnutritivevalueandnearby 8OWCE?Sof 

food as cattail, IxAxush, krreed, arrowhead and corn nust be available. 

If areas in anyregicmarekept flmdedimmdiatelyafterspoiling and 

thexmfter,&her aquaticplante than reed (cattail,buln.uh,burreed and 

-1 m6ybeCcme!8tablished,th u6creatinganadequateareafor 



wad.ingBids- 033er CiccmiifO~S) 

AQ speciesm@kiallyxn~l~innabitat~tPrograns 

1. LittleBlue Haron 

2. buisiana Heron 

4. Black-cmwned NigkdzHarrxl 

5. YelbPczramed Night Hercn 

6. Gmat@mt 

7. cattle-t 

9. Glossy Ibis 

10.. white Ibis 

11. ,GmatFil~He?xm 

B.FbodPxeferenaee 

Alloftheabcm liIpchexl3eptfor,theCattleEgret,Y~ 

cruwndNightHaron,GlossyIbisandWhlteIbisshmaetrong 

eanB"pf- B"(LBtOmarine, brackbh,orfxeahwaterby- 

speuies mentioned. Theshalluwwateirsmay~uverawidean3aur 
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be restricted to shorelines. The Green Heron for exanple rarely 

venturesout into cp3.n shallowwater for feeding. It usually restricts 

itselftopond0rwater cnurse margins. The water bodies require 

"preferred" food iterrrs in term8 of wropriate sizes and abundance. 

Pasturelandsvxmldbe suitable forCattle Egret feeding. 

Nestingbythesf2colcnialspecies occursunderhogemralenvirm- 

llE!ntal oonditials. c2lchniesaresituated1) htrees,bushesorreeds 

surmmdhgawaterbodyand2) intrees,hshesorxeeds --by 

ahdyofwater. Fk3edinggrumdsmmtbewithinafewmilet3(prdxbly 

less than 5-6 miles frun the colony site). These species hfmquently 

feedinthehmdiatehAnityoftheaolmy~ TheCattleEgrettends 

ton3qdnanexistingatxMumicnirrg<=olcnyfornesting. other 

fp3cdmayaddithallyneedthis~usbutperfiapstoaLesser 

wP=* 

inmstalPlainhabitats 

1-Fkdinggruundsforaquaticfeedingspeciescan~pmvided 

by~ingabasincapabLeofholdkagwaterstoadepthofabouta 

met0.r~withgentlyel@ngbotlxxnbpography. Occasiamlislmdsofat 

leas~~an~insizeshwldbeprepared~~slyxildbe~plant~Eod 

nuintainedinashrubor~~ czmditim. This vegetatioll 

FAKnild be used in mosdng sites. IfnestingvmJ3initiated,saneshrub- 

bay km.ild be Ix3eded as nest material in additim tc use as mst sites. 

'Ihe shr&beq slxuldbe mst dense attheedges of the hammckwith 

theinteriorkeptrdativelyfreefrunmargentundeqm&. W 

facFlitatsuseofthedisposalsitefor~stingbythese bidsthe 

islwdeBhauldbepartiUanedtoalluwthemaMgeanentofunders~ 

chmcteristicsbypruper~~m~tofdisposdlxMte.rial 
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additions. Hman intrusion sbuldbeminimizedduring the reproductive 

season (March through August). Sa~predatorc~~~trolmybe need4 such 

as rerrovalof racccons and mink. 

2- Stock aquatic disposal areawith suitable fish, crustacean 

species and an@ibians if possible so that relatively high densities 

my be obtained. 

3 -Minimize hmmn intrusion frcxnMarch to July, particularly 

during the initial years of the colmy. 
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Miscellaneous Shorebirds (OrderCharadriifomt3~ -. 
ment1927, 1929) 

Bird 

Short-billed 
Dowitciier 

Img-billed 
Dowitcher 

mot 

ImstSandpiper 

Dunlin 

Feeding Habitat 

Grasshappers, beetles, 
flies, mqgots, mrine 
mm 

IIU.KI flats & sand flats in 
sheltered bays & estuaries: 
bor&rsof shallowponds 
or mrshes 

midge larvae marshes 

minutemllusks,~ll 
crustaceans 

sandyandstmybeachfx 

insects,larvae,crus- 
lzeans, wKlw 

tidal flats, saltmrshes 
beaches 

NewFcngland- insects, 
smalllmllusks,woxlIY3, 
crustaoeans 
Alabama - mlluslcs, fly 
lamae,beet%s 

beaches, sand flats of 
tidal estuaries 

WestexnSandpipfzr pmbablysaIIE2asothe.r 
smallr3andpipers 
Alabarna- fly 1-t 
aquaticbeetlesandbugs, 
marine WXKS 

SarCreaSabovle 

Sanderling sandfleas,shrilIpMnd 
other small crustaceans, 
smlllmllusks 

beaches 

-ian Godwit 

Greater Yellcxhgs 

Iesser Yelluhgs 

woKrR!3,insects,mllusks, 
crustaceans 

shallowwater smalllIrinnows,water 

insects,sm?lllcrusta- 
ceans, mall fishes, WozlKu 

flat mwxh near coast: wet, 
short-grass marshes, mid 
flats, shallowpa& 

snowy Plover crustaceans, marh kmrnls sand flats 
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ManaqemzntTWhniques-Shorebirds 

Alternatiw1 

Abasinwith shaUowwater (up to 0.5meter) is required. Suitable food 

items shouldbe intrcduc& alongwithdredgedmterial so no additional stocking 

effort should be required. 

Alternative 2 

The site sedinmtcanbe tqatedtoallowgrass seedgrowth. Grazing 

bylargeherbivmes (ungulates) will allowshorebixds feedinghabitatto 

cifwelop. This alternativemul.dworkbestwhere rainfall is relatively 

highand/orthe surface sedimsnts canbemintainedrelaticllelymist. 

Situatialslike this existalorlgv3ryhighrmrshandgrasslandhabitats 

almg the intracoastal waterways in Ceoryia (e.g. Ossabaw Island area). 
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Black-neckedStilt (~topus&canus) 

A. FoodPreferences 

The Black-necked Stilt feeds xnxinly cm insects, quatic bugs and 

beetles; also on dragonfly nyr@s, caddis flies, myfly nynphs, flies, 

pillbugs,msquitolarvae andgrasshoppers. 

B. Habitatkquirmts 

Preferred feedinghabitatcmsistsofwet meadms,orshallowpmds 

withwaterbetween smllturfs of grass. Nesting occursabovehighwater 

in~tmeadows,~in~inoratedgeofvery~low~. 

c. BreedingRange 

Thebzedingrangeexteds north to Oregon, Utah, Colorado, tisiana 

and Florida (Pough 1951). 

D. MarqemntTkhniques 

Forfeeclinghabita~pmvide apadwithashall<;kJdepthof 4-5 inches 

and a silty sand substrate. 

Fornesting, add smallrrourds in~tmadowsor very shallowpmds 

(see above). Themundheightmybe few inches abovehighwaterlevels. 
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h'rerican Avocet (~mstra americana) 

A. FbaIPreferences 

The food consists primarily of phyllopcds, drags fly nyrrphs, black 

s)umners, seeds of marsh and aquatic plants. 

B. Habitat Requirements 

F&ding is da-~ prirfarily in mddy pools. 

Avooets nestmdry, sun-bakedmd flats orlow,gravellyor sandy 

islands with scant vegetatial. 

C. BreedingRange 

Thebreedingrangeextends frunWashingtmeasttoWismmsin,south 

to axzis and North Carolina. 

D.Mamqmmtws 

For feedinghabitat, provide ashallowpond 4" -14" indepthand 

eutro&icat~ itwith fertilizer,etc. 

Forneat.ing, providehabitatwith~~istics describedabove 

under "Habitat Requirerrrents". 
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Herring Gull (Larus argentatus) 

A. Nesting Rquimmmts 

'Ihe herring gull breeds in small or larye colmies but always in 

theneightmha3dofsambcdyofwater - river, lake or the sea. Their 

nests canbe fcund at the foot of stumps or over-hanging rocks ordrift- 

wed. They also nest cm ledges m cliff faces and in the ground in thick 

spruce wocds. Nests have been found in other scattered locations and 

even in trees. n‘KnestcanbeverysFnpleholl~liraedwithgrasses 

or sticks or very well strucWr& with intemoven grasses and feathers 

Bent 1921). Thermstimportantrequiremn ts are open land for nesting 

and a neartry body of water for feeding puqoses (Bent 1921). 

B. Mnagmmt'IWhniques 

Island habitats should satisfy the above requimfmta best. Colmy 

establi~t~ybedifficultuntilgrasses and sam shru&eqdevelop. 

~oethisoccurs,itshouldbekeptinanearlystacpeofsuccessi~with 

numerousbarrenoropenareas. Translocationofadmcedornearfledgling 

ymng shouldbe tried toaccelerate wlcmy foxmticn. The proximity of 

nestinghabitatstogarbagedq, fish.ingdisposalwastes,etc.will 

likely increase &anoes of sucoess for establishing a colmy (Poqh 1951). 
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Ring-billed Gull (Iarus delawmsis) 

A. Nesting F&zquirerfents 

Nests are built in hollms amng the rocks or tree stvs but normally 

m the ground. Materials oflccal ahu-dances such as grasses, masses of 

sticks orbreastfeathers areused. It always nests in close association 

with sare baQ of water (Bent 1921). The presence of nesting areas near 

awaterkdycontaining a foal supply is the basic requiremz.ntfor this 

species (Bent 1921). 

B. ManagemmtTkhniqxm 

This species nests in the northern portion of the North Atlantic 

Eaegion and in the Great Lakes Rzgim. Managem=ntprocedures,etc. are 

similar to those for the Herring Gull (Page C42). 



Laughing Gull &axus atricflla) 

A. Nesting r?e.quimts 

Iiiugh.ing Gull live close to the sea. TJ3mynesti.n salt marshes and . 

mcngthe grasses m sanddunes andonsandyreefs and islands. The 

nests thmselves are sanetimes ahollowinthe sand linedwithgrass and 

sticks ormay benme elaboratelymde structures ofvarious -=eW 

grasses firmly interwoven and built up above the sand (Bent1921). 

B. Managemznt'kchniques 

Island habitats with the above characteristkcs suitable for nesting 

are needed. Translocating fledglings or advan& nestlings should 

facilitate colmy establishmnt. 
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-Tern (Sternahirando) 

<,’ A. Nesting Ikzq-uiranents 

lkm nests are a slight depressian in a sand or a pebble beach. The 

windrcws ofseawzdordryeelg-rass, justabovehigh-watermark, are often 

used as nesting sites (B&t 1921). The oxmun tern is an aquatic bird 

spe&ingmostofitsti& nearandoverthe sea. Nesting is on sandy 

dunes and islands along the coast (Bent 1921) in isolated areas (Pow& 

1951). Ins~az?easthecailysurvivingcol~es~anspoil-banks 

created by dredging operaticns (Pough 1951). 

B. BreedingRange 

This speciesnests almgtheAtlantic coast and inlandtonortkrn 

Pennsylvania. 

c. MarqmEnt?'ed-Lniques 

Isol.atedsandyislan+shouldbekeptrelativelyfreefrunvegetaticn. 

Dikes shaildbe high en& tokeep allbutmost severe storm tides frun 

inundating thenestingarea. Mdentandtiunsized malmultrzqq&gmay 

berreededbecausetheNorwayrat,faxles,skunks,raccoons , weasels, cats 

anddOCJSCanbE?diSastraus to a oolmy (po@ 1951). Human intrusion* 

shouldbekepttiamininunalso. Trapping should be dax prior to the 

breedings- andifneededduringit. 
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F&se&e Tern (Sterna dougallii) 

A. Nesti.ngE&quirenwts 

Nests of the Rxeate l?zrn arerr~~3tlyhell concealed in thick growths 

of tallbeachgrass,vines andotherdenseaxr. n-Le eggs, -=r, 

are often laid cnbare ground. A scanty nest is saxtin~s fonxd frun 

pieces of dry grass or debris (Bent 1921). Roseate Tern lives along 

mitimewatxr. Its nests are on rocJq, pebbly or sandy low islands 

almg the coast giving it easy access to the bays, channels, inlets and 

open water (Bent1921; Fough 1951). 

B. BreedingRange 

This species has nested in the North Atlantic, South Atlantic and 

Gulf -ions (Pough1951). 

c. MimwematTechnFques 

See those for Camxx3 Wrn (Page C45). 
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CaspianTern ( caspia) kiydmprcyne 

A. NestixqRequirmts - 

Nestsaremdeeitherofa fewsticksda littlegrassor straw 

oraresi@yadepressionin sar&gravelordecayingvegetatim. These 

birds~Ilynestinhabitatss~lartothatofgullsand~~terns 

kutitfrquently separates itself frunthemandnests inanisolatd 

g-w It is easily disturbed by hunan intrusion (Ekznt1921). Its 

feeding habits arebaf3icallyaquatic. l%e Caspian !lkrn nests and lives 

inclofleprcpdmitytothesea. IW3tofitsnests arem thelow,brushy 

sand-islads along the coast (Bent1921). 

T&dques are similar to that of the cBx.rmn Text (Page C45). 
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O.-U-billed Yern (Gelochelidcn nilotica) 
'. 

A. NestingRequirements 

The Gull-billed Tern formerly nested in salt-marshes. It nw 

nests~sanddurmeswfierenestsare~llhidden~~theshellfrag- 

lIent8, rook and pebbles (Bent 1921). It also nests on lcw grassy marsh 

islandswfiereeggsarolaidonthegraundoranmattedgrasses(Fotrgh 

1951). This specif3z3,llIaJce many other krns, is largely inaecti-s 

spmdirqmrchofitstimsoversaltnmrshesandfields,takinglarye 

Techdqw similar to tbEu3 u8ed for the CmItDn Tern (page C45) 

/ 
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Royal Tern (Thalasseus maximus) 

A. Nesting Reqdmnmts 

Nestsareadepressioninthe sami,locab3d indenselypacked 

colonies on sari& islands and dunes along ths coast (Bent 1921). 

Feedingisalmstentirelycm &null fish. Itoftenassociateswith 

otherspeciessuchasthf3BlackSktrmer,SandbkhTernandLaugh.img 

Gull (mt1921). 

It breeds franVirginia to Texas alarg the coast (pough1951). 

c. MaMgementTechniques 

Wchniqms dnilar to that of ths Canmn Tern (Page C45) 
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Foresterts lkrn (Sterna forsteri) 

A. Nesting l3quirements 

TheForester's~mplacesitsnestsinthesand,grassandoocan 

debris suchasdeadsedges, seaweeds andoyster shells. l%nests are 

largeandelaboratestmctures. They ccnsist of larye piles of dead 

sedges and grasses surmalnted by neat, 

-d-Y- rims (Bent 

nestirkgandfMdingal~themarshes. 

capturedfranthewatissurface(Bent 

deeply hollawi nests with well- 

1921). Mxtofitstimis spent 

1teatsinsects, fish, frogs, etc., 

1921). 

B.BxwJingParqe 

Itsbreediqrange involvestheAtlanticCcastsouth fmnMa.rylandto 

theC;ulfooast,central~nmiasouthandGreatLakesarea(Pclugh1951). 

c. I4amgamtms 

mchniquessMlartothoseenployedfortheoomnnTernshouldbe 

usedexoeptvegetatimneednotbe-,-is-sary. 
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LeastTern (Sterna albifronsj 

A. Habitat wts 

Nests are merely small hollcws scooped in the 5and (Bent 1921). 

The~tT~ernbreedsonbroadflatapensandbea~,entirelydevoi.d 

ofvegetaticm, where m4.l stmesandbitsof shellsare scattered. The 

eggsareusuallylaidwellabove thereachof themanhightide. 

~breedingareasaref~~yfoundonthebeachesand~ed 

dispsalifth3yaremtnearhmanhabitations (Bent1921). 

B. BreedingRmge 

Thisspeciesnests~theAtlanticCoastfranthe'CapeCod 

areasouthtoFlmidaand&lmg theGulfCaast(E3ent1921). 

IaastTernsutilizeareaswhichwmldbemnaipdinaxrmner sixnilar 

toCarrmnTerns. l'hi.sspeciesbowevernestsof~nm-islandsandyareas 

lncluaing&velopmtspoil.material,&edged mat2ria1,causewaysetc. 
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BlackSkimner (Rynchopsnigra) 

A. FoodJ?references 

Foodof theBlackSk.irmx amsistsmainlyof snail fish, and 

tosmeextmtFihri.qx3andothersrnallcnEtaceans. Itfeedslqely 

onthewingbyskimnirrgclosetothesnoothwater,cutt;ingthewater's 

surface, with its lmermudible, frunwhichit scoqx3 intoitsnrxth 

any animal food to be found there (Bent 1921). 

B. Nes4%.nqRequirenents 

BlackSkirrmercolonizethsandflatswherethrxea.renunerous 

oyslxr,clamandscallopshellsscatte.redabcut. !rheyhalfburytheir 

eggsinthesarrdwheretheyarerrotooolspi~(Bent1921). 

c. Habitat RE!qubmts 

BlackS)cimnerhh&itthel#wislandsa~the~tand~t 

alongJ3eiachesandsandflats. Th3irfeedbqth3isspntoverthe 

open~~softhecoastan8inthenadflatsandshdllows(Bent1921). 
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Bluegill (Lepanis mcrochirus) 

A. Food Preferences 

As bluegill increases in size, their prey preferences tend to increase 

in size. Initially zooplankton and aquatic insects are mmsumed. As 

they grow, small fish, fish eggs, snails, mllusks, mites, small crayfish, 

~JXA ~hipck bema important (Harlan and -Speaker 1956; Dennett 1948; 

DiCostanzo 1957; Huish 1958; Ieonard 1940; Lux and Smith 1960; Scidrrore 

ard woods 1960; Seaburg & Moyle 1964; Whitn-ore et al. 1960). 

B. Habitat Reguirmants 

Bluegill thrive in still or sluggish waters. They prefer protected 

areas with clear guiet water, scatteredbedsofvegetationandabottom 

of sarrd, gravel, or muck (Trautxan 1957; 

grcxv best at matures between 60 and 

survive terqxratures of 95OF (Munsefell 

c. NestingRequiranents 

Hucbs and Lagler 1958). They 

80° F (Trautmn 1957) but can 

and Everhart 1953). 

Nestsarebuilt in sand, gravel,deadleaves, sticksorrmd. Water 

from 2 to 6 feet in depth is preferred (Calhoun 1966). 

D. Populntion Densities 

The yield in New York farm ponds was reported to range from 40.0 to 

315.0 pounds / surface acre (Regier 1963). 

E. Managenent!re&nigues 

Stocking of 500 to 1000 bluegill per aore is re (Eegie.r 

1963). 
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Largmuth Bass Wcropterus salrmides) 

A. Food Preferences 

As the size of the largemuth bass increases, so does its choice of 

prey. Fry feed primarily on small crustacean genera including Cyclops 

and Daphnia (Calkmn 1966). Juveniles cons= insects and adults feed 

primrily on fish, with worrm, mussels, frogs, crayfish, snails, and 

large insects also forming a portion of the diet (JZwers and Boesel 1935; 

Harlan and Speaker 1956). 

B. Habitat Requirements 

They prefer nonflowing, clear waters tiich amtain aquatic vegetation 

Ok-autmn 1957). The fisharegenerallylocatednearweedbeds, sub- 

merged trees and other obstructions (Caine 1949). Preferred bottom types 

are softmckandorganicdebris, gravel, sand, andhardnonflmculent 

clays (Trautmn 1957). 

c. Nef3tingRequirements 

A substrate suchas sand, gravel, roots, or aquatic vegetation is 

rquired (Curtis 1949; Sin-on 19511, at a medium depth of 30 inches 

(Kramer ard Smith 1962). 

D. Population Densities 

Stanaing cropsoflargemuthbass vary frun 6.6 to 23.7 pounds per 

surface acre (Calhoun 1966). 
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E. Manqment'Ikchniques 

StocM.ng1OOlargenuuth fry per acre is recanmxkd (Regier 1963). 

lkqeratcres of about 80%'. are most suitable (Dendy 1948) while 

respiraticn beams difficult at 860F. (Johnson and Charlton 1968). 

. 
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Channel Catfish (Ictalurus punctatus) 

A. Focd Preferences 

Channel catfish are amivorous and oonsm a wide variety of focds 

Wiley and Harrison 1948). Insects are the primary foal of young, wit 

smll fish.333 plant seeds inclkkd. Adults feed primarily on fish, 

larger insects and plant material. In mntrast, Menzel (1945) found 

filamntms algae as a daninant food source for adult channel catfish. 

B. Habitat Ikquixmts 

h 

Although native to flowingwater system, channel catfish also live 

in sluggish streams and reservoirs (Calkun 1966). They prefer warm 

water, and do not grow well at txqeratures less than 70°F (Macklin and 

Soule 1964; Mc(amon and LaFrance 1961). They are also very tolerant 

of high turbidity; Wallen (1951) found 85,000 ppn turbidity to be the 

fatal level. This is, hmever, f3eltireachedundernaturalcmr&tions. 

Moss and Scott (1961) also found that channel catfir,.. ;;adually accli- 

matized could survive atdissolvedoxysenlevels less thanlppn. 

c. Net3tingRlEquiranents 

Channel catfish usually spawn atseclukdprotected sites such as 

in holes ard under rocks (Bruwn 1942; Davis 1959; Harlan and speaker 

1956). Geibel and Murray (1961) also found that nests m made in the 

open on rmddy bottcm at fisheries pox-&. 

D. Pqulation Densities 

Calhoun (1966) found that starding crops of channel catfish are 

usually less than 25 pounds per acre. His observations were mde frun 

19 sttiies. 
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E. Managment Techniques 

New or reclaimed ponds, when properly fertilized, are initially 

planted with channel catfish fingerlings at a rate of 50 fish per acre 

in cmbination with largemouth bass and bluegill (Finnel and Jenkins 

1954). However, channel catfish normally will mt reproduce in clear 

pands or lakes unless artificial spawning devices are added Marzolf 

1957). Restockingmybenecessaryif survival rates arelmbecause 

of predation (Calhoun 1966). Marzolf (1957) also indicates that heavy 

vegetation growthis d+rimentalto survival because itoftenharlxxs 

predaceous insects. 
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Swamp Rabbit (Sylvilagus aquaticus) 

A. Food Preferences 

hel 

B. 

Swamp rabbi's prefer mergent aquatic vegetation ml ;ucculent 

rbaceous vegetation, such as grass, sedges, and cane (Golly 1962). 

Habitat Requirements 

1. Water is generally incl~&~3 in its range (Golly 1962). 

2. Tk~typesof shelter are required: 

a. Adults require resting places called forms, which are often 

located on tops of old stws, in law crotches of trees, in 

honeysuckle tangles and in cane patches. 

b. The shelter forthenestis urb3erhoneysuckleorother suit- 

able thickets (Golly 1962). 

C. Population Densities 

Apopulationofone swzdmprabbit per seven acres of poorly drained 

bottanlandwasestimtedontheGulf coast in Texas (Davis 1966). 

D. ManagmmtTkchniques 

This rabbit is a good game species and desired population levels 

canbemintainedbyhunting. 
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Marsh Rabbit (Sylvilagus palustris) 

A. Food Preferences 

&rsh rabbits feed on various marsh vegetation incltiing rhizms 

andbulbs. 

Marsh rabbits eat a variety of herbacems foods, includingmrsh 

gra=b =m forbs, leaves of decidums trees, ax-d shrubs (Golly 1962 

B. Habitat Rquimmnts 

Lx coastal areas, brackish marshes and flood plains are mn 

habitats formrsh rabbits. Thickets are also desirable for shelter 

Golly 1962). 

). 

C. Population Densities 

In favorablehabitatthis speciesmaybeaxmzquitfz abundant (Golly 

1962). 

D. ManagemntTWmiques 

This rabbit is agoodgam species anddesiredpopulationlevels 

canbemintainedbyhunting. 
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Osprey (Par&on haliaetus) 

A. Focd Preferences 

1. The diet of this species cmsists entirely of fish (Fisher 1893). 

2. The following species have been recorded in its focd: herring, 

bluefish, blowfish, bonito, bowfin, carp, catfish, eel, flouxkr, flying 

fish, goldfish, hornpout, mmhaden, miLlet, perch, pickeral, pike, sakon, 

shad, squiteque, sucker, sunfish, tanccd, trout,whitefish 03ent1937). 

B. Habitat Wqukmmts 

Ospreysnest in secure places near good food supplies, and do not 

haw a preference for any species of tree or any particular height in 

trees (Bent 1937). They have frequentlynestedcndeadtreesandpoles 

(Bent 1937). 

C. Po~tim Densities 

Ospreywillnestinconcentratedgmupsifthereis aplentiful food 

supply inthearea. 

breeding ospreys (S. Postupalsky, verbal camunicatial). This structure is 

a flat circular platform supported by four 15 to 20 foot poles. !Rm plat- 

formhasdowlrcdsonti~e tosupportthenestinitsprimaq state. 
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-.I .snip (Capella qallinago) 

A. Food Preferences 

1. Animalmattar ocnsists of 5 to 22% of the diet for thcz entire 

year* This diet cxnkins fly larvae, keetles (especially 

aquaticfoxnl3), cnlataceans,-r fresh-water snails and 

sd.1 fishes (Martin et al. 1951). 

2. V~tablemttar (highestpmferenm attopoflist) (Martin ot 

al. 1951) 

Pacific NortIm& 
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BlEktZLil Deer (Obcoileus cmlunbianus) 

A. FbodPrefemnces &own1961) 

veptable mattar (highest prefemnoe at top of list) 

C!i -tifX Densities (Bruwn 1961) 
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Brush Rabbit (Sylvilagus kuzhmmi) 

A. FoodPreferences 

Forbs ax-d grasses (In&s 1965) 

B. Habitat Fkqdrmmts (Burt 1964, and Ingles 1965) 

1. ibbrushandcoverare~~ssaryforp~onfrcmsevere 

weatherandpredatcxs. 

2. Scatteredapeniru3swithgrassandfolrbsarenecessaryforfeeding. 

Brushcovershculdalwaysbeincloseprwcilni tytofeedingareas. 

C. Population Densities (Burt 1964) 

lto3peracrewithahanerangeofl,/4tC;!lame. 

D.Mamqemk'Ikhniques 

Sinoe~speciesdoesrmot~,shrubsandthicketsaredefinite 

requirements. mbestplanis toestablish stripsofgras0es 

-shrub-. G?xisses sbuld be maintained by periodic 

Shrub areas sl-nuld be maintained by hand-applied h3rbicides or 

cutdrg. 

aIxlfoxbs 
nrowing. 
selective 

FQpulatia-is dmuldbeamtrolledbyhunti~gwhena surplus~aticm 

develcpf3. I 
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Arrerican Wigem (Anas americana) 

A. FoodPreference (highest prefarence at the top of the list) (Martin et 

al. 1951) 

Pacific 

WildMillet 
mterxilfoil 

wi&eon gram. Upland areas shild be planbd in stripe of alfalfa and 

tallgraorsrtoIpwidebothf~~~habitat. xi.6 
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Pintail (Anasacuta) PP 

A. Fkod Preferences (MartJn et al.,1951) 

Pacific 

Wild Millet 
widgecn Grass 

s 
-lery 

B. Habitat~t8 (Paagh 1951) 

l?eedhg habitat includes upland fields wbre was* grain is ocxmxed. 

Tidalflatsandhrackishmarshesareal.8owed~additicntOthek 

c. ManagElrrentTechniques 
Mnr8hhabitata&nildhmbawaterdepthof2-4feetandbe 

plane. upland areas dlalld he planted in grain cmpem 
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Shoveler (Anas clypeata) 

A. Food Preferences 

About 25% of the Shoveler's food consists of animal matter: nollusks, 

aquaticinsectsardcrustaceans bkrtin et al. 1951, Bent 1923). 

The plant food preference in the Southeast is (highest preference 

at the *-op of the list): 

Bulrush 
mndweed 
Algae 
Waterlily 
sawyrass 
Ixlckweed 
spikerush 
Widgemgrass 
Wildmillet 

B. Habitat I3equiranents 

Freshatermsks, sloughs and ponds arehabitatfor shoveler. The 

species will nest on high groti, occasionally far frcm water but prefer- 

ably in the tall grass at the edges of sloughs ard ponds (Kortright 1942). 

C. mnagmE?ntmchniques 

Iqoumlmntscreatedbydikingare suitableSl-melerhabitatif the 

waterlevelisproperlymintained (seeMallard- pageC27). Vegetation 

smhas bulrush, pondwed andwildmilletshould colonize the edges of 

the iqomdmnt naturally or they may be artificially propagated. 

Allwingvegetation toremaindenseon theedgesof thewaterwill 

ermurage nesting. 
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APPENXXD 



ComnrrmNm 

Alder 

Alfalfa 

Ailigator weed 

Alsikeclover 

Pmerican elm 

American htu!3 

Apple 

Arborvitae 

ArraPanln 

Ash 

List of Plants 

Scientific W3.m 

Alnus spp. 

b&dicago sativa 

A.lternanthera philoxeroides 

Trifoliun hybridurn 

Fagus grandifolia 

cas- dmtata 

Ubnusamricana 

Nelurb lutea 

pyrus~* 

Thujaoccidenkalis 

Peltanda sp. 

Sagittaria sip. 

vibirnm dentatun 

Fraxinus spp. 

Pqxllustrmuloides 

Aster spp. 

Eleagnusunbellata 

Geun sp. 

Taxodim distic3lun 

Family : BalsamFnaceae 

I-kxdem spp. 

Myrica pennsylvanicn_ 

ZAnfwphila arenaria 
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List of Plants (Continued) 

CatmmNm 

Beard grass 

Beauty-berry 

Beavertail cactus 

Bicolor lespedeza 

Birch 

Birdsfc&+refoil 

Bitter-nut hickory 

Bitterswet 

Blackash 

Bl-ackberry 

Blackcherq 

Black grass 

3lackgm 

Blackjack oak 

Blackoak 

Blackrush 

Black spruce 

Black willow 

Blueberry 

Blue Gram 

Scientific Nan13 

Family: lkguhnosae 

mpogon SPP. 

Callicarpa americana 

sp. cpuntia 

Fagus yrandifolia 

Desmdiumtortuosum 

Cynodon dactylon 

Leqedeza bicolor 

Betula spp. 

I&us comiculatus 

cordifomis Carya 

celastrus scardens 

F+mxi.nusnigra 

Rlhs spp. 

Prunusserotina 

Juncusyerardi 

Nyssa sylvatica 

Quercusmilandica 

Quercus velutina 

Juncusroemrianus 

Picea rmriana 

salix nigra 

Vacciniumspp. 

E!outeloua gracilis 
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-Name 

Bluegrass 

-3b-n 

Boxel*r 

Brass bllttohls 

Bristlegrass 

-sedge 

Bufkwkat 

BuffaloI3lrr 

Bur-reed 

Bush clover 

Ekmxflybu!3h 

But- 

Califomiabay 

californiaaxdgrass 

ci2amda fleabane 

cattail 

(3aparralbroan 

List of Plants (ccntinu~) 

Scientific Name 

gspp* 

las-lyanthes sp. 

-w 

c0tul.a oorcn&folia 

Setariam~ --. - 

Andropogcntiryinicus 

Faq~escukmtun 

solantnnrostratun 

wP* *rpls 

sparganiun spp. 

urn= SPP- 

EWdleja davidi 

oephalanthus cccidentalis 

sp. waa 

~h32ellularia California 

SpartFnafoli! 

carAd=& cmyza 

Anmdimriaspp. 

l?a?E=* 

perus spp- 

Baa3Ud.s pi~uleris 

Prunus spp. 

Trifoliun spp. 
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List of Plants (Continued) 

CommnName 

Clover, Alsike 

Coast alkaligrass 

coast Rf2dwcd 

Cocklebur 

Coco,Bulrush 

Canrrpn elder 

CcmmngroumIsel 

Cummbrsetail 

(Xxrfmnreed 

Cordgrass 

CQrn 

Cotton 

cottom 

COW-lily 

-P@= 

Crabapple 

Crabgrass 

Cranberry 

Cruwfoot-grass 

Curly dock 

Cutgrass 

cypress 

Daisy 

Scientific Name 

5 hybridum 

Puccinellia spp. 

Serrpemirens Sequoia 

xanthiml sp. 

robustus ~sh-pus 

f3anbucus canadensis 

Senecio vulgaris 

E3qvisetunarvense 

Phragmites amnunis 

spp. spartina 

i2ccEY2 

Gossypium spp. 

deltoides Pop&us 

!!i?EE=* 

vigna sinensig 

mlus spp. 

Digitaria spp. 

Vacciniun spp. 

Dactyloctenium sp. 

-B. 

Isis f3pp. ,v 

Taxodiumsp~. 

Family: CaTpositae 
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ListofPlants (continued) 

Scientific Name amralNaTe 

Dandelial 

Dock, sorrel 

Ixxkkr 

Dcgfennel 

Dmglas fir 

EarlyhaiIyrass 

Eelgrass 

E=-==Y 

hglishplanbin 

FkWtlSS 

Fleabane 

Frmkenia 

Fresh-water cordgrass 

Giantbur-reed 

Glasswort 

Glasamrt, Fkkhmed 

Golden aster 

Taraxacunspp. -- 

Falnex sp- 

Cuscutaindfxora 

EUpatorium capillifolium 

cornus spp. 

Pseudotsuga rmuiesii 

czmtal sp* 

x.E¶ma spp. 

Airapraeax 

zostrea sp. 

.- wP* 

sar3xlcus spp. 

ulmus spp. 

Plantagolanceolata 

l!kstuca sp. 

Edgem spp. 

Pulicariadysenterica 

t33rI-lus florida 

Frankenia grandifolia 

SpartiM- 

-anin - 

salicornia spp. 

vi&n.i.ca s. 

sopsis sp. 
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List of Plants (rntinued) 

tbrmwxlm 

Go- 

Grand fir 

Q4= 

Gray birch 

JaEpnFne 

J- 

Jarusalem-cherry 

Jtifoxtail 

Kentuckybluegrase 

Scientific Nan-e 

Solidago spp. 

Abies grandis 

Vitis spp. 

Betula pcpulifolia 

Coxnuspaniculata 

similax spp. 

Baccharis halimifolia 

Grirdelia integrifolia 

C2ltis spp. 

Crataegusspp. 

co.rylusanericana 

Tsuga spp. 

r;ucya spp. 

Imioera sp. 

Zannichelliapalustris 

nsuif3e-n sp* 

Gaylussacia sp. 

ILdiunmlltiflarurr 

lmioera japmica 

Gt?1seniun sp. 

J-- 

Solanun~iclpn 

Setariamqna 



List of Plants (Continued) 

bnmnNam2 

mtweed 

Korean lespedeza 

Lespedeza 

lhblolly pine 

Ldgepole pine 

Lmgleafpine 

Magnolia 

Maidencane 

Manna-grass 

Maple 

MaritimePeavine 

Marshaster 

Marsh elder 

MarSh-grasS 

Matrimny-vine 

t4sdaqrass 

msqui- 

Milk-pea 

Mi- 

FQuntain laurel 

Wenbergh 

Mullxflora rum 

Muskgrass 

wae 

Scientific Namz 

Polygonm sp. 

stipulacea kspedeza 

sp. Lespedeza 

Pinustileda -- 

Pinus contorta 

Pinuspalustris 

Fhgnolia sp. 

Panim lx3n.itan-m 

Glyceria spp. 

Acer wP* 

Lathyrus japonicus 

Aster tenuifolius 

Iva frutescens 

spartiM=* 

Lyciumspp. 

pea sp* 

ProsOpis chilensis 

Galactiasp. 

Asclepias sp. 

Kalmia latifolia 

enberqiaspp. 

Ib6amultiflora 

Chara spp. 

Vincadmr -- 
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List of Plants (Continued) 

CmmnNamz Scientific Name 

Naiad Najas spp. 

Needlegrass Stipa spp. 

Northernredoak Quercus borealis 

m=Y sp- Picea abies -- 

Quercus FP* 

oats Avena sp. 

0lney's threesquare Scirpusolneyi 

Oregon vw Eierberis nervosa 

-oak Q==u lyrata 

oyster grass, alrxlth cordgrass Spartina alterniflora 

Panicgrass Panicum sp. -- 

p-%F-P- Chamechrista fasiculata 

Pearlywzverlasting Anaphalis margaritacea 

Pickerelweed Pontederia sp. 

Pickld, Glasswort sanioornia spp. 

ail Allrlranthus sp. 

PiJE Phls spp. 

PldIltaFn Plantagospp. 

Plum Fmlnus sp. 

Poison Ivy lbxlademdrm radicana 

Pokweed Phytolacca sp. 

Pobrmgebm spp. 

popl= populus sp. 

Port oxford cedar syperis lawaonia:~ 
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List of Plants (cmtimled) 

CbmKmNans 

Postoak 

Prickly pear cactus 

Ehrssian thistle 

st. Al.qustine gram 

Scientific Nane 

Q!.mxus stellata 
mea spp- 
AIdnnairasp. 

Popilus treIulloides 

Folypogcnmxlspeliensis 

-sa sp. 

!zenf3do'glabellus 
.I 

Alms ruka -- 

l!rifOlium'pra~ 

Acer'nlbxun 

Mxusmbra -- 

IfAsia sp. 

Jiimm sp. 

sal.sola kali 

'Bale cemale 
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ListofPlants (ca-ltinued) 

cItxrmlName 

sagebrush 

SdltgrasS 

saltmarsh- 

saltmeadowcardgrass 

salt 3ze3sgrass 

saltwort 

jassafras 

m=s 

-Pine 

Scot’s bmau 

scruboak 

sea- 

sea-let- 

-coreye 

searocket 

!!%??luPine 

-saltgrass 

seaside goldenrod 

-1 

Scientific Name 

Artemsiaspp. 

Gmltheriashalm 

SpectabiliS 

Disttfchlis sp. 

Lythrun- 

'spartinapatens 

SpartiM’cylldsuroideS 

Batis lnaritima 

‘sassafras sp. 

cladium’l~cense 

Pinuf~sylvestd? 

Qllerms’ilicifOlia 

‘Lin#liunsp. ’ 
I 

ulva sp. 

Fzmtily: Cyperaoeae 

carex sp* 
cI!aryt’uvata 
FIlm2x'acetosella 
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ListofPlants Kcntinued) 

-Narcle 

Silkydapood 

Sit&a sprua2 

slash pine 

-c=xr=J 

&KlOthE5UIb3C 

solrmun 

wJf= 

sul~xedoak 

savthistle 

Spiqy-sb thistle 

Scientific Nane 

cdrnus Ecmxnln 

Picea sitchensis 

SylnQholocanplsfoetidus 

Pinus'caribaea 

m1ysonun spp. 
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hst of Plants (Continued) 

Oxm-onName 

Sunflower 

Swamp black gun 

Sbvaxq privet 

Swaqredoak 

-tgum 

Sweet vzrnalgrass 

SwitchgrasS 

sycamore 

Tanrarack 

TartarianhEysuckle 

-1eberry 

Thistle 

Tirrothy 

maca' 

!lYehed alast btlmwed 

7.miling blackberry 

Tropical cattail 

!Nip-tree 

Tupelo 

-10 gum 

t.Mxella-sedge 

velvet grass 

VibW 

D12 

Scientific Name 

Helianthus sp. 

Nyssa sylvatica 

Forestiera acminata 

Quercus falcata var. pagcdaefolia 

Liquidahar styraciflua 

An-thum odoratum 

PanicumvFrgatun 

Platanus occidentalis 

Larixlaricina 

Jagmica tartari=- 

Polyqomml3aqittatun 

Rubus pi3rviflorus 

Cirsiumsp. 

Phlemsp. 

Nicothianatabaclnn 

EIirechtites mbxima 

Rubus ursinus 

daningensis 

Liriodendmn tulipifera 
. 

NY-a sp- 

Npsa aquatica 

strigosus Qperus 

HolcuslanMus 

vibirnm sp. 

- I -  
. - -  - -  



List of Plants (ccntinued) 

cum-mNane 

water-hemlock 

waterlily 

W&r milfoil 

wabroak 

water-l?%==1 

Wa~stannQrt 

v?at8m't3willowherb 

western- 

westmn - 

w&at 

whietash 

WhitacJadar 

whitel clever 

wteoak 

vhit0 pine 

~--P== 

Iaxk0sweetclover 

WidgecqraJ38 

wildcarrot 

wild a3lery 

wild 9=w 

Wildmill& 

Wildr@ish 

Scientific Nane 

cicuta curtissii 

Family: b?y@meam 

Myriophyllunspp. 

Ouercus dgra 

samluf5panriflonls 

callitriche spp. 

'E@.l&iumwatscdi 

Myrica californica 

Tmga 'h~lla 

Thuja pl.icati 

Triticum sp. 

FYaxinw‘anericana 

-leEYe!= 

Trifolim repens 

5IieEiEalba 

Ptit3tfdlS 

Piceagl&aca 
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CormrmNm - 

Wild rice 

Willcw 

Wintergreen 

Witch-hazel 

Yarmw 

Y- 

Yellow sandverbena 

YeW 

List Of Plants (cbntinued) 

Scientific Name 

Zizaniaaquatica 

salix spp. 

Caultheria pzmcmhm 

I-ianmdis v+4niana 

Achiuia spp. 

A. millefoliun 

Abrmia latifolia 

T-E!! 

Yl=ca sp- 
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List of Invertebrates 

AllErican oyster 

Eheaab 

~iddleraab 

Haxdclam 

msh GL-asslloFper 

Ihrsh- 

Iet.rshsnail 

M.daab 

MdFialeraab 
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List of Fish 

Blowfish 

Bluefish 

BlU&.ll 

Balito 

Bcmfin 

-Bass 

channel catfish 

Scientific Nam 

phalussp.and 

sphaerotis sp. 

ptnwmms saltatrix 

IiEpCldSO 

sarda sp. 

Fanily: PJniidae 

Ictalunlsspp. 

Qprinuscarpio 

amps axp,llatus 

Ictalunlspunctatus 

Fanily: scianidae 

Fanily: pnsuilliaae 

Fanily:BothUae 

zanily: Enxmeuk 

carassius auratus -- 
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List of Fish (Continued) 

CJammName 

Pickerel 

Pike 

Sahmn 

sea cat 

spot 

squiteaque 

smkers 

Sunfish 

Tarpon 

'kmcod 

Trout 

Whitefish 

Scientific Name -- 

Esoxlucius 

Family: Esocidae 

Oncorhynchus sp. 

Galliethes felis 

Alosa sp. 

Leiostamus xanthurus 

-- ? 

Family: Catostanidae 

Family: Centiarchidae 

Wgalopsatlantica 

Family: Miqadus 

Family: Salm 

2inarhichas lups 
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-Name 

Bronze E’rog 

gullfrog 

Chicken Turtle 

cot- 

CricketFrog 

DM+acked Terrapin 

List of Reptiles 

ScientificName 

E&-la clamita!ls clarnitarls 

Ehnacatesbieana 

'Diemchelys reticulmia 

Ac#cis~- piscivorus 

Acris spp. 

M3.laclelnysterr~in 

Ranaclarnilznsrnelanota 

FYZ Cinerea 

Ranapi.@n.s 

Sistrurus catenatus 

Nectur\zs~osus 
. 

ICmxtemrnm 

l?aIlamlio 

paetldemysmelegans 

chelydra-- 

Iiyla crucifer 

Natrix spp. 

PlethoQn spp. 

Pseudanysscripta&ripti 
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List of Birds 

ComrpnName 

AmzicanAvocet 

AmricanCoot 

ArrericanKestrel 

AmericanKnot 

American~bin 

Arm&an Wigeon 

AmzricanWoodcock 

Baczhmn's sparrow 

Bald Fagle 

BeltedKingfisher 

Black-belliedPlmer 

Black-cmwnd Night Heron 

BlackDuck 

Black-necked Stilt 

BlackSkimner 

Blue Jay 

BluewiqedTeal 

Boat-tailed Grackle 

Boimhite 

Brown-headedNuthatch 

CanadaGaxe 

ca.rolinachickadee 

Scientific Nam 

Recwxirostra americana 

Nicaarwricana 

Falco sparverius 

Calidris canutus 

Turdis migratorius 

Anasamricana 

Philohela i:Li.IlOr 

Aimphila aestivalis 

Halioeetuslexmmphalus 

Megacexylealcyon 

Pluvialis squatarola 

Nyctiaxaxnyctimrax 

Anas rubripes 

Himantopus llx3cicanus 

_Rynchopsnigra 

Qamcittacristata 

Anasdiscors 

Cassidix major 

031inusvi@nianus 
t 

Sittapusilla 

+ Brantii CaMdensis 

Caxdinalis caxdimlis 

Parusmrolinmsis 
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ListofBids (continued) 

Scientific Name 

-caspia 

Euhlcus ibis 

EKMycilla cedmrun 

Fallus lcngiJ33s~ia 

Gallinula chorcpus 

Quisc.alus quiscala 

!2islla'giuinago 

's+- 'hirand 

rtil@:.hrus ater -a .- -- 

Jurmhym'mlis 

caltidris alpixxi 

Siau2'sialis 

ky.nu'tristiS 

'-lla'negM~ 

~z&lmLSFhoebe 

,-,e 

'sbrnaforsteri 

-'strepera 

Fmily: klatidm 

Fmilyt It3zddae 

!!!aeEs 

Pleqadis falCiIdlus 

lxmetella'carolinensis 
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List of Ebds (CcnM) 

Scientific Name camwnm 

GreatBlue- 

GmatCres&dFlycatche.r 

Gma e3=t 

Greater Yelh3wlegs 

(z?xenHeron 

Green-winged Tkal 

Gull-billedlkrn 

HerringGul1 

Fhxumimwt 

KingPail 

Laughing- 

r&a& s=f%e= 

IEast Tern 

~-scrmp 

Lesser Yellahgs 

Little Blue lierul 

Img-billed Dowitckr 

Imq-billed Marsh Wren 

Loui.siana Heron 

Mallard 

MarshHawk 

-w 

Ardeaherodias 

Flyi- crinitus 

musallus 

Tringamlanoleums 

gu'Lori&s tiresoens 

Arlascxecca - -- 

Gelocbelidon nilvtica 

Fanily: ?!cci~itridae 

rJa.rus argem-atus 

Lainnsa haenastica 

Fhllus elegans 

Larus atricilla --- 

c!al~3risminutillA -- 

sterna albifrmfl 

Aythyaaffinh 

Tringa'fladpes 

Florida'caemlea 

'V t3001~ 

!tkJma~s palut3tris 

HJRmmmsa trico~~ 

Amf3 platydgmbe 

-cyaneus 

MhlN3pDlyglott33 
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List o-f Birds uJoeimd) 
ScientificNane 

olor qgnus 

Family: Sittidae 

Pandian~tus 

De!ndroica pEllmmn 

'Iha8acuta m- 

Familyr Anti&e 
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P IistofBirds (Ccntinued) 

OonrmrNane Scientific MITE 

Sm@almatedPlover Charadrius hiaticula 

EknipaJmtedSandpiper Calidris pusillus 

sharptai~sparrow - zlmnospiza 

Short-billed mwkcher LimEodraus griseus 

'shoveler Anasclypeata 

I QlaJrwt thula mretta 

Tringaaolitaria 

&loz3pizanEhdi.a 

Fm$ly: Pluxidae 

,+ztM.s maahria 
? ’ ..&&b, 

:,,* 
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List of I4amnals 

(Jumclx’Nmrre 

Beave.r 

BhdCBear 

Black-biledDeer 

Brush-t 

DeerMmse 

RaoJ#n... ‘;. .:’ 
StriFed slalnk 
-yw?-t 
vobi : 

Scientific Name 

'ca8tor -is 

ur8u8 a.mricanus 

odocoileu8 aalIwanus 

syhagusba~ 

~maniculatu8 
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